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(54) ANTIBACTERIAL POLYMER RAW MATERIAL AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject polymer raw material exhibiting a wide 
antibacterial spectrum against a pathogenic bacterium and capable of exhibiting excellent 
durability by previously introducing a compound having a ligand capable of coordinating to a 
metal ion and dipping into an aqueous solution of an antibacterial metallic salt. 
SOLUTION: This antibacterial polymer raw material is obtained by introducing a polyphenol 
(preferably tannic acid, catechin and flavonoid) as a spacer having an action bondable with a 
polymer raw material (preferably silk protein, wool, collagen, a cotton fiber, a diacetate fiber or 
the like) by treating in an acidic aqueous solution of the polyphenol at pH 1-3 and coordinating 
an antibacterial metallic ion (preferably a silver ion, a copper ion or the like) to the polymer raw 
material through the spacer. The polymer raw material is obtained by introducing the polyphenol 
into a polymer raw material and coordinating a metallic ion by dipping into an aqueous solution 
containing an antibacterial metal. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The antibacterial macromolecule material characterized by consisting of a macromolecule material, 
being introduced into this macromolecule material when the polyphenol as a spacer with work combinable with 
this macromolecule material processes in the acid polyphenol water solution of pH 1-3, and carrying out 
coordination of the antibacterial metal ion to the macromolecule material through this spacer. 
[Claim 2] Said polyphenol is an antibacterial macromolecule material according to claim 1 characterized by being 
a tannic acid, a catechin, or flavonoid. 

[Claim 3] Said macromolecule material is an antibacterial macromolecule material according to claim 1 or 2 
characterized by being at least one chosen from the group of silk protein, wool or animal protein fiber like a 
collagen, the natural cellulose fiber that consists of cotton fiber, diacetate fiber, and a polyamide fiber. 
[Claim 4] Said antibacterial metal ion is an antibacterial macromolecule material according to claim 1 to 3 
characterized by being complex ion, a copper ion, cobalt ion, zinc ion, nickel ion, iron ion, zirconium ion, 
manganese ion, tin ion, or chromium ion. 

[Claim 5] The manufacture approach of the antibacterial macromolecule material which is immersed in an 
antibacterial metal content water solution in the macromolecule material which introduced this spacer, is made 
to carry out coordination of the antibacterial metal ion to a macromolecule material, and is characterized by 
preparing an antibacterial macromolecule material after introducing this polyphenol by processing by the aqueous 
acids of pH 1-3 containing the polyphenol as a spacer which has work combinable with this macromolecule 
material in a macromolecule material. 



[Translation done.] 
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DETAILED DESCRIPTION 



I [Detailed Description of the Invention] 
" [0001] 

j [Field of the Invention] This invention is concerned with an antibacterial macromolecule material and its 
~\ manufacture approach, and relates to the antibacterial macromolecule material which is an antibacterial 

\ macromolecule material to which it comes to carry out coordination of the antibacterial metal ion, and shows a 

large antimicrobial spectrum in more detail to the macromolecule material which introduced the spacer to a 
'1 pathogenic bacterium, and its manufacturing method. 

: [0002] 

| [Description of the Prior Art] Recently, there is an inclination for all the goods of personal appearance to be 
asked for safety or clean nature, a clean intention especially centering on a young man shows a rise, and the 

* given antibacterial product attracts attention. Development of the toxic low antimicrobial agent which does not 
lead to contamination of a body tissue or an environment, and an antibacterial product is furthered positively. 
[0003] The most common material for giving antibacterial is the approach of using antibacterial metals, such as 
silver and copper. For example, a rayon fiber is processed with a tannic acid, since what carried out coordination 
of the copper (II) to the coordination radical of a tannic acid shows antimicrobial activity, this technique is 
applied to silk fibroin fiber, coordination of the metal ion is carried out directly, or the method of making silk 
fibroin fiber support a metal tannic-acid complex is developed, and the manufacture approach of the silk fibroin 
fiber to which coordination of the metal ion was carried out is learned (the Society of Fiber Science and 
Technology, Japan, 51 volumes, No. 4, 176-180 (1995)). After immersing silk fibroin fiber in a tannic-acid water 
solution beforehand and introducing a tannic acid in fiber, coordination of the metal ion can be carried out to a 

t tannic acid, and silk fibroin fiber can be made to support a metal tannic-acid complex according to this approach. 

[0004] In the manufacture approach of the material containing the conventional antibacterial metal, the 
antibacterial metal generally used well is complex ion. The antibacterial substance by complex ion has many 
H elution mold drugs which antibacterial discovers when complex ion is eluted, and a zeolite, a clay mineral, glass, 
1 • etc. are known as support of these elution mold drugs. The gestalt of the spray which makes an active principle 

« the zeolite of the shape of impalpable powder which elution mold drugs, such as such complex ion, have the 
j, j outstanding antibacterial function, for example, contains an antibacterial metal ion is known. In this case, it is 
possible to make the front face of various goods antibacterial simple. 

[0005] Moreover, what contains the complex which consists of silver, copper, zinc, or these metals as 

I conventional antibacterial powder is known (JP,9-263715,A). The goods by which the antibacterial treatment was 
carried out with this antibacterial powder have antibacterial [ strong ]. 
[0006] Furthermore, the antibacterial resin constituent which scoured the zeolite which supports an antibacterial 
metal is also known (JP,63-265958,A). 
[0007] Covering a goods front face further again using the powder coating which has antibacterial, and also 
making antibacterial give is known. 
[0008] 

[Problem(s) to be Solved by the Invention] Although it is indicated that it is 1 1.3-1 1.7, if pH of a tannic-acid 
water solution is raised even to the 1 1.4 neighborhoods, a tannic-acid water solution colors light tea - blackish 
brown and is inconvenient [ the optimum pH for carrying out coordination of the metal ion efficiently to the 
above-mentioned Society of Fiber Science and Technology, Japan ]. Therefore, when an approach given [ this ] 
- in a publication was applied to wool instead of silk fibroin fiber, even if alkali drugs adjusted pH of the water 
solution of a tannic acid to 10-11, a tannic acid could not be introduced into wool, and the tannic-acid water 
solution had the problem that it was not suitable as a reagent for processing of natural fibers, such as wool, in 
order to color it blackish brown by the alkali side pH. Moreover, by the conventional approach of introducing a 
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tannic acid into a natural fiber and carrying out coordination of the antibacterial metal ion after that, there was a 
problem of decomposing if mechanical properties, such as reinforcement of a natural fiber and ductility, 
deteriorate in the processing process of tannic-acid installation, or it is left, since the tannic-acid water solution 
is not stable-like at the time of **. In addition, the macromolecule material was immersed in the tannic-acid 
water solution, by the conventional method of introducing a tannic acid into a material, the object to process is 
restricted to a protein fiber and silk protein, and there was a problem of being inapplicable in composition of 
animal protein fiber, such as wool, and others, and half-affinity fiber. 

[0009] While the above-mentioned elution mold drugs which have antibacterial metals, such as complex ion, had 
the outstanding antibacterial function, they had the problem of a metal having been eluted and polluting a body 
tissue or an environment Since the zeolite particle which has adhered to the front face of the processed goods 
in the case of the conventional spray material tended to have ****ed in response to physical irritation, there 
was also a problem that endurance was missing. 

[0010] While the goods by which the antibacterial treatment was carried out have antibacterial [ strong ] in the 
case of a complex given [ said ] in JP,9-263715,A, development of the antibacterial material which the ion of 
antibacterial metals, such as silver, flows out of a complex over minute amount [ every ] many years, and has 
become the cause by which this pollutes a body tissue or an environment, therefore a metal ion does not flow 
out of antibacterial material, is stabilized, and can maintain an antibacterial function has been desired. 
[001 1] Moreover, it had become a practical problem, in order that in the case of a constituent given in JP,63- 
265958,A it might become cost quantity and resin might carry out coloring and discoloration with luminous 
energy. 

[0012] Since the process heated to 150-200 degrees C was needed at the time of printing when using the 
powder coating which has antibacterial further again, in the antimicrobial agent of a general organic system 
which there is a problem that large-sized heating apparatus is required for manufacture, and full use of the 
technique of a preparation top energy expenditure mold must be made, and are usually used, the fall of an 
antibacterial function was a problem. 

[0013] In this way, this invention solves the above-mentioned problem and makes it the technical problem to 
offer the antibacterial macromolecule material excellent in antibacterial [ which consists of a macromolecule 
material ], and endurance, and its manufacture approach. 
[0014] 

[Means for Solving the Problem] The spectrum that this invention persons prevent growth of various kinds of 
bacteria has large antimicrobial activity. And as a result of examining the antibacterial macromolecule material 
excellent in endurance wholeheartedly, "the spacer (the compound which has a coordination radical which is 
defined below is meant)" which can be configurated in ** metal ion is beforehand introduced into the 
macromolecule material. That this is immersed in an antibacterial metal salt water solution, or by carrying out 
the direct action of the antibacterial metal ion to a protein (especially living body protein) water solution through 
** "a spacer" It finds out that the antibacterial macromolecule material which could be made to carry out 
coordination of this metal ion to a macromolecule material or protein, thus was excellent in endurance can be 
manufactured, the above-mentioned technical problem is solved, and it came to complete this invention. 
[0015] The spacer in which the antibacterial macromolecule material of this invention has work combinable as 
physicochemically as a macromolecule material is introduced into this macromolecule material, and coordination 
of the antibacterial metal ion is carried out to the macromolecule material through this spacer. As this 
macromolecule material, at least one chosen from the group of silk protein, wool or animal protein fiber like a 
collagen, natural cellulose fiber like cotton fiber, diacetate fiber, and a polyamide fiber, for example can be used. 
Moreover, the macromolecule material by which graft processing was carried out with the vinyl compound can 
also be used. 

[0016] The manufacture approach of the antibacterial macromolecule of this invention consists of the 
macromolecule material which introduced this spacer being immersed in an antibacterial metal content water 
solution, and making a macromolecule material carry out coordination of the antibacterial metal ion, after 
introducing the spacer which has work physicochemically combinable with this macromolecule material in a 
macromolecule material. 
[0017] 

[Embodiment of the Invention] In this invention, it has coordination radicals, .such as -COOH, -NH2, -OH, -SH, 
and =NH, and a metal ion and the compound which can be configurated will be called a "spacer" for 
convenience. In order according to this invention to carry out coordination of the antibacterial metal ion to a 
macromolecule material certainly and to give endurance to it to wash washing or handling, the spacer used as 
the coordination radical of a metal ion is first introduced into the macromolecule material beforehand, and this 
part is made to carry out coordination of the antibacterial metal ion. 
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[0018] They find out using polyphenol etc. as what has the coordination radical which association is possible and 
can configurate an antibacterial metal ion as [ this invention persons ] a spacer (i.e., a macromolecule material 
and a physical interaction are shown), and came to complete this invention. 

[0019] The metal complex with which coordination of the metal ion was carried out to the macromolecule 
material is formed by introducing into a macromolecule material the spacer used by this invention by giving an 
interaction among both and immersing the macromolecule material with which this spacer was introduced further 
in a metal ion water solution. There is polybasic acid or polyphenol as a spacer which can be used. 
[0020] Polybasic acid is an acid which some alkali salt produces, when alkali neutralizes. Since 1-4 alkali salt will 
generate in case alkali neutralizes if ethylenediaminetetraacetic acid (it may be hereafter written as EDTA) 
familiar as a metal colorimetry reagent is taken for an example in polybasic acid, EDTA can be classified as 
tetrabasic acid. The examples of polybasic acid are enumerated next. As a tribasic acid, it is NITORIRO 3 
propionic acid (it is hereafter written as NTP.X incorporated company — said — Renhua — as a study lab, a 
catalog number 343-02081, and tetrabasic acid — ethylenediaminetetraacetic acid (it is hereafter written as 
EDTA.) incorporated company — said — Renhua — a study lab and a catalog number 342-01353 — beginning - 
< - nitrilotriacetic acid (it is hereafter written as NTA.) incorporated company — said — Renhua — a study lab, a 
" catalog number 344-02072, a transformer -1, and 2-diamino cyclohexane tetraacetic acid and 1 anhydride (it is 

hereafter written as CyDTA.) incorporated company — said — Renhua — a study lab, a catalog number 343- 
; 00881, and a glycol ether diamine tetraacetic acid (it is hereafter written as GEDTA.) incorporated company — 
4 said — Renhua — a study lab, a catalog number 348-0131 1, a diethylenetriamine pentaacetic acid (incorporated 
company — said — Renhua — a study lab and a catalog number 347-01 141), and triethylenetetramine 6 acetic 
acid (incorporated company — said — Renhua — a study lab and a catalog number 340-02873) can be used. 
Being able to use the simplest in these compounds, in order to carry out coordination of the metal ion, the 
general thing also as a metaled colorimetry reagent is EDTA. Ethylenediaminetetraacetic acid and 2 anhydride (it 
is hereafter written as an EDTA anhydride) which is the anhydride is preferably used for a giant-molecule 
material as a reagent which forms SUBESA. 

[0021] In order to make a macromolecule material and polybasic acid react, the polybasic acid anhydride is 
compounded from these polybasic acid, and it is necessary to make it react in an organic solvent. In order to 
compound the anhydride of polybasic acid, the simple conventionally well-known approach for preparing the 
anhydride of six membered-rings or five membered-rings from polybasic acid can be used. For example, in the 
sealed system, the anhydride of polybasic acid is compoundable by starting dehydration with heating of 150 
degrees C or more under inert gas ambient atmospheres, such as nitrogen. Or the anhydride of a base acid is 
also compoundable with the reaction of the chemical formula [I] following by making the alkali salt and the acid 
chloride of a base acid act again. 
[0022] 

RCOONa+RCOCI-> 2 (RCO) O+NaCI [I] 

Since EDTA is tetrabasic acid, if alkali neutralizes, 1-4 alkali salt with which physical properties differ, 
respectively will generate it. EDTA serves as a ligand of various metal ions, and a reaction progresses by the 
stoichiometry of 1:1 with EDTA and a metal ion. Moreover, since an absorption spectrum will change sharply if a 
j metal ion configurates, it is widely used as a colorimetry reagent of a metal ion. 

*i [0023] It can prepare by the manufacture approach of the above-mentioned acid anhydride to prepare the EDTA 
anhydride from EDTA. A macromolecule material and an EDTA anhydride are made to react by the chemical 
modification processing approach, EDTA is first introduced into a macromolecule material, and the antibacterial 
macromolecule material excellent in endurance can be manufactured by next carrying out coordination of the 
antibacterial metal ion to the ligand of EDTA. 

[0024] Hereafter, an EDTA anhydride is taken for an example and the example of the chemical modification 
processing approach to a macromolecule material is described. First, what is necessary is to dissolve an EDTA 
anhydride in organic solvents, such as dimethyl sulfoxide (following, DMSO, and brief sketch) or N, and N'- 
dimethylformamide (for it to be hereafter written as DMF), to be immersed in this solution system and just to 
make a macromolecule material react at the temperature of 60 to 80 degree C for -5 hours for 1 hour. The 
amount of EDTA which can be introduced into a macromolecule material is decided by reaction temperature and 
reaction time. When reaction temperature is low, it is necessary to set up reaction time for a long time, and 
reaction temperature or since the reaction is too early when high, it is hard to control the amount of EDTA 
installation. Then, the most desirable reaction conditions are 75 degrees C and 1 to 2 hours from wool in 
' domestic silkworm silk thread for 75 degrees C and 2 to 4 hours. 

[0025] The anhydride of polybasic acid causes the basic amino acid residue and the acylation reaction which are 
rich in reactivity, such as a lysine of the molecule side chain of protein, such as silk protein and wool, an 
, arginine, and a histidine, or the hydroxyl group of the phenol nature of amino acid residue, such as a serine, a 



JP,2Q00-204182,A [DETAILED DESCRIPTION] 



4/16*—$/ 



thyrosin, and threonine, reacts, the total amount of such basic amino acid residue which is rich in wool at 
reactivity, or a phenolic hydroxyl group — silk fibroin — a ratio — the EDTA anhydride concentration at the 
time of processing wool, since it is contained mostly single figure BE **** — the case of silk fibroin — a ratio - 
- BE ** — being thin — reaction time is good in a short time. After reaction termination washes a sample by 
DMF, removes the unreacted object adhering to a sample, and, finally washes it with water. Thus, the spacer 
which a macromolecule material and polybasic acid combine at an acylation reaction, and combine with an 
antibacterial metal at a next reaction can introduce into a macromolecule material. 

[0026] Thus, in order to carry out coordination of the antibacterial metal ion to the macromolecule material 
which introduced the prepared spacer, thereby, a metal ion configurates this material simply with the 
coordination radical of a spacer that what is necessary is to just be immersed in the antibacterial metal salt 
water solution of a room temperature for 5 to 40 hours. In this case, if the metal salt water solution to be used 
adds 1-N aqueous ammonia and pH is adjusted to 9-12, metaled complexing capacity will increase. In 5-60mM, 
metal salt water solution concentration is good, and is 20-30mM preferably. After processing, after Sun Bull 
immersed in the metal salt water solution puts into the aqueous ammonia of the same pH as reaction time and 
puts for 5 hours, he can prepare the macromolecule material which has a metal complex by carrying out an air 
dried at a room temperature. 

[0027] Moreover, as a spacer, polyphenol can also be used instead of polybasic acid. A tannic acid, a catechin, 
and flavonoid can be illustrated as polyphenol. As polyphenol of the green tea origin, (-)-epicatechin (EC), (-)- 
epigallocatechin (EGC), (-)-epicatechin gallate (ECg), (-)-epigallocatechin gallate (EGCg), etc. can be illustrated. 
Moreover, as polyphenol of the tea origin, it is SEAFURABIN (TFI) and SEAFURA bottle mono-gallate. A (TF2A), 
SEAFURA bottle mono-gallate B (TF2B), SEAFURA bottle digallate (TF3) It can illustrate. 
[0028] A tannic acid can hydrolyze and manufacture tannin. Tannin exists in the plant kingdom widely and 
changes protein and gelatin into the matter which does not melt into water. A catechin is in many vegetation and 
is considered to be the parent of much tannin. Flavonol exists in the plant kingdom as yellow coloring matter. 
[0029] When using polyphenol, pH of a polyphenol water solution is preferably adjusted to the 1-3 neighborhood 
the one to 4 neighborhood using a thin sulfuric-acid water solution, immersion processing of the macromolecule 
material is carried out, and these aqueous acids are made to introduce polyphenol into the interior of a sample. 
Both are physicochemically combined using the strong molecule interaction committed between a 
macromolecule material and polyphenol. It is good to immerse the macromolecule material with which polyphenol 
was introduced into after an appropriate time in an antibacterial metal ion water solution, and to carry out 
coordination of the metal ion. Under the present circumstances, an antibacterial metal ion is configurated with 
the coordination radical of polyphenol, and the coordination radical of a macromolecule material. 
[0030] In order to immerse a macromolecule material in a tannic-acid water solution and to introduce a tannic 
acid into a material efficiently, it is good to lower pH of a tannic-acid water solution to one to about three 
preferably one to about four by the organic acid and the inorganic acid. By carrying out like this, a tannic acid 
can be efficiently introduced into macromolecule materials, such as domestic silkworm silk thread, tussah silk 
thread, and wool. By adding a thin sulfuric-acid water solution to the water solution of a tannic acid, and carrying 
out pH adjustment, the amount of adsorption of the tannic acid to domestic silkworm silk thread and tussah silk 
thread increases even by 2.5 times and 1.7 times, respectively. Well-known organic acids, such as a well-known 
inorganic acid or formic acid, such as a sulfuric acid and a hydrochloric acid, and a citric acid, can be used for pH 
adjustment. Even if it begins wool and processes the reinforcement of a natural fiber material, and ductility in the 
tannic-acid water solution of such a pH field, it is hard to fall, and a material is not colored. 
[0031] Next, how to mix the water solution and the antibacterial metal water solution of a macromolecule 
material, make carry out the direct action of the antibacterial metal to a macromolecule material, without 
combining an antibacterial metal ion with a macromolecule material through a spacer, and configurate a metal ion 
is explained taking the case of a silk protein fiber. 

[0032] As a raw material for preparing a silk fibroin water solution from a silk protein fiber, the silk thread or the 
gray yarn of a domestic silkworm or the wild silkworm origin is used. A domestic silkworm gray yarn is boiled in 
alkali water solutions, such as a sodium carbonate, the silk fibroin fiber which can remove and prepare the 
adhesion matter of the shape of glia in silk thread or a gray yarn front face and a sericin is dissolved with neutral 
salt, and a pure silk fibroin water solution can be prepared by dialyzing enough by the permeable membrane made 
from a cellulose. If desiccation solidification of this silk fibroin water solution is carried out on substrate film, 
such as polyethylene film, the transparent silk fibroin film will be made. The silk fibroin which is a natural 
biopolymer has good biocompatibility with a body tissue so that clearly also from the example of the suture silk 
thread for an operation. 

[0033] As mentioned above, in order to dissolve silk fibroin fiber, the neutral salt generally [ a calcium chloride a 
calcium nitrate, a lithium bromide, etc. ] known can be used. In order to raise the solubility of silk thread and to 
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manufacture the silk fibroin near a native condition, the neutral salt containing a soluble high lithium ion is 
desirable, and a lithium bromide etc. is used especially preferably. 

[0034] Moreover, a wild silk fibroin water solution can be prepared as follows. It is necessary to be immersed in 
0.1% sodium-peroxide water solution of an amount 50 times to silk thread weight, to process the wild cocoon 
yarn obtained from a tussah or a wild silkworm at 98 degrees C for I hours, and to remove a sericin beforehand. 
A wild silk fibroin water solution can be prepared by dissolving the wild silk fibroin fiber which removed the 
sericin with the soluble high neutral salt of a thiocyanic acid lithium etc., putting this into the permeable 
membrane made from a cellulose, and dialyzing with pure water. 

[0035] As silk protein used by this invention, if a domestic silkworm, a wild silkworm, etc. are the protein of the 
silkworm origin, they can be used regardless of a class, and you may be a raw and unsettled protein fiber, or may 
be the protein material which introduced beforehand the coordination radical to which coordination of the metal 
ion can be carried out. 

[0036] A silk protein fiber can be dissolved with the thick solution of a lithium bromide. A silk FIBURON water 
solution can be prepared in putting this into cellulose permeable membrane and permuting by pure water. It can 
form and this water solution can be formed also in gel and others the shape of film, and in the shape of powder 
the shape of a porous body, and in the shape of a block by changing the vapor rate and preparation conditions of 
a mixed water solution. Preparation of powder or a porous body is performed by freeze-drying further what once 
froze preferably -7 degrees C or less of blend water solutions of silk fibroin below -30 degrees C under reduced 
pressure. On the other hand, the silk fibroin film opens the water solution of the sample for example, on the 
polyethylene film, evaporates moisture quietly in the natural condition, and can be manufactured by carrying out 
desiccation solidification. In order to manufacture a gel ingredient from a water-soluble protein water solution, it 
is good to add the water solution of organic acids, such as inorganic acids, such as a sulfuric acid and a 
hydrochloric acid, formic acid, and a citric acid, to a sample water solution, and to make pH it first, below at the 
isoelectric point. 

[0037] As an antibacterial metal which can be used by this invention, there are well-known antibacterial metals, 
such as Ag, Cu, Fe, nickel, Zn, Co, Zr, Mn, Sn, and Cr. Usually, in order to carry out coordination of these 
antibacterial metal ions to the spacer of this invention or to carry out coordination to a macromolecule material 
directly, the compound of the form of a salt which melts into water well is used preferably. Salts compounds, 
such as a nitrate, a sulfate, a hydrochloride, or ammonium salt, can be illustrated. It is because it is 
advantageous that especially a water-soluble salts compound is good when advancing a reaction, for example, is 
desirable in using a metaled nitrate or a metaled sulfate. It is desirable that it is especially a sulfate if it is iron 
and a zirconium that it is a nitrate if it is silver. 

[0038] As a material of the object which gives antibacterial, you may be a silk protein fiber and may be the silk 
fibroin of a water-solution condition. Even if the silk protein fiber is unsettled and raw, it may be the material 
which carried out chemical modification processing. 

[0039] In case it is immersed in an antibacterial metal water solution and coordination of the antibacterial metal 
ion is carried out, after introducing polyphenol into a macromolecule material, in order to increase the amount of 
installation of polyphenol, it is good to carry out graft processing for a macromolecule material with a vinyl 
compound in advance of polyphenol installation. As a vinyl compound, conventionally well-known polymerization 
nature vinyl monomers, such as methacrylamide (it may be hereafter written as MAA) or acrylamide which has 
an amide group in the molecule side chain of a vinyl compound, are used preferably. 

[0040] The outline of graft processing is as follows. Graft working liquid can consist of a surfactant, a graft 
monomer, and a polymerization initiator. As a surfactant used in case working liquid is prepared, a nonionic 
surface active agent like the noy gene HC (the Dai-Ichi Kogyo Seiyaku Co., Ltd. make, trade name), the mixed 
surfactant of the nonionic surface active agent and anionic surface active agent like new cull gene 1515-2H (the 
product made from Takemoto Fats and oils, trade name), etc. are mentioned, for example. As a polymerization 
initiator used for graft polymerization, that what is necessary is just the usual polymerization initiator, ammonium 
persulfate, potassium persulfate, sodium persulfate, etc. are mentioned, and especially ammonium persulfate is 
used preferably. A polymerization initiator is added by working liquid. The amount used in the polymerization of 
the usual vinyl monomer is enough as the amount of the polymerization initiator used, for example, when it uses 
MAA40%owf (concentration display of as opposed to fiber weight in owf) and ammonium persulfate is used as a 
polymerization initiator, as for the amount of the ammonium persulfate used, it is desirable that it is about 0.5 - 
3 % of the weight to the sum total weight of MAA and a macromolecule material. 

[0041] being desirable, in order that adjusting pH of graft working liquid before and after three preferably two to 
about four may be stabilized, it may make a graft polymerization reaction perform and may raise graft effect, 
especially graft efficiency — it is — pH adjustment — acids, such as a sulfuric acid, formic acid, and a 
hydrochloric acid, — it is preferably carried out by addition of formic acid. 
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[0042] the working liquid weight ratio to the protein fiber or its textiles weight from that graft working liquid 
raises graft efficiency and the point of economical efficiency, i.e., a bath ratio, — desirable — 1:10 to l:20 — it is 
more preferably referred to as 1:15. 

[0043] A graft polymerization reaction is immersed in working liquid in a protein fiber or its textiles, carries out 
the temperature up of the working liquid to 75-80 degrees C over 10-20 minutes from a room temperature, at 
75-80 degrees C, is held for 30 minutes to 1 hour, and is performed. The protein fiber made to react or its 
textiles is washed after a graft polymerization reaction, it dries and the reforming protein fiber used by this 
invention or its textiles is obtained. 

[0044] Graft working ratio should just be 10 - 30%. The introductory effectiveness of polyphenol does not 
improve that the weight rate of increase by graft processing is less than 10%, and when it exceeds 30%, there is 
a possibility that mechanical properties, such as silk thread and wool, may fall. In order to carry out immersion 
processing of the silk thread which carried out MAA graft processing in a tannic-acid water solution, it is 
possible if it is the conditions shown above. 

[0045] An antibacterial metal salt is made to act on the living body protein which is a biopolymer hereafter, and 
the case where an antibacterial protein material is prepared is explained taking the case of the silk fibroin of a 
water-solution condition. It is good to perform it as follows carrying out coordination of the antibacterial metal 
ion using the silk fibroin water solution which dissolves silk fibroin fiber with neutral salt, such as a lithium 
bromide, and is obtained by carrying out a dialysis permutation with pure water by the permeable membrane 
made from a cellulose. The water solution of the metal salt which is going to carry out coordination to 0.2 to 1 .5% 
of the weight of a silk fibroin water solution is added first, and neutral salt is added in order to adjust the ionic 
strength of this system next. The anion of the neutral salt added in order to adjust ionic strength is good to 
make it in agreement with the anion of the used antibacterial metal salt. For example, when a silver nitrate is 
used as an antibacterial metal salt, the neutral salt for accommodation of ionic strength is the condition of a 
potassium nitrate. 

[0046] Especially the cation of the neutral salt for ionic strength accommodation does not receive constraint. 
For example, K, Na, calcium, Mg, etc. can be illustrated. In such a cation, especially K is desirable. As for the 
addition of neutral salt, it is desirable to make it superfluous compared with metal concentration, and 50-200mM 
is suitable for it in concentration, and it is 70-1 OOmM especially preferably. Although anythings can be used for 
ionic strength accommodation if it is cations, such as K and calcium, especially a thing that is not strongly 
combined to a ligand is desired. 

[0047] In the case of excellent in antibacterial silver, the minute amount of 0.|-20mM extent is sufficient as 
especially the amount of the antibacterial metal salt used, and this addition can be freely changed according to 
an application. More ones of the amount of the antibacterial metal which should be added with the metal salt 
antibacterial [, such as Fe, Cu, Zr, and Zn, / whose ] are whenever [ middle ] are desirable, and it is usually good 
at l-70mM. Thus, the neutral salt for ionic strength accommodation which advances the reaction to which ionic 
strength of the system of reaction is carried out uniformly, and coordination of the metal ion is carried out 
[ reaction ] to silk fibroin is added. Usually, potassium salt is used preferably because of this purpose. 
Furthermore, it is desirable to adjust pH of this system of reaction to pH 9-1 2 by alkali water-solution addition. 
Each thing which have the conventionally well-known alkali chemicals used as an alkali water solution can be 
used. For example, water solutions, such as ammonia, a sodium hydroxide, a potassium hydroxide, and a lithium 
hydroxide, are mentioned, and an aqueous ammonia solution is mentioned preferably. These alkali water solutions 
may be used independently, or it may combine and they may be used. The coordination of the antibacterial metal 
ion of silk FIBUROINHE becomes easy by adding these alkali water solutions and raising pH of the system of 
reaction to nine or more. Silk protein is ampholite and the reason is for coming to take the structure which a 
proton will fall out from the amino acid side chain of the protein used as the ligand of a metal ion about the 
carboxyl group by the side of configuration amino acid (-COOH), and the amino group (-NH2) if pH of a sample 
environment goes up, and an antibacterial metal ion tends to configurate. That is, if pH of a sample environment 
becomes three or more, the next reaction will occur first. 

[0048] - COOH to a proton — escaping > -COO — > -COO-M — subsequently to more than it, if pH of a 

sample environment becomes, in addition to the above-mentioned reaction, the next reaction will occur further. 
[0049] 

A proton falls out from S-NH3+. -> S-NH2-M (however, S and M mean S:silk protein and an Miantibacterial 
metal, respectively.) 

In case an antibacterial metal ion configurates in biopolymers, such as silk fibroin, a metal ion is considered that 
all possible coordinate bond forms between NH radical of the basic amino acid side chain (a lysine, an arginine, 
histidine) which constitutes a biopolymer, and/or a biopolymer principal chain, or CO radical. 
[0050] Since they are the 3.8 neighborhoods, if it lowers pH of the environment of silk fibroin and makes it below 
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the isoelectric point, in order that the silk fibroin of the system of reaction may solidify the isoelectric point of 
silk fibroin, it is inconvenient Moreover, if pH becomes 13 or more, hydrolysis of silk fibroin takes place with 
alkali, and since depolymerize is carried out, it is not desirable. 

[0051] It is necessary to make the number of the ion which can work regularity by the difference in the ionic 
valency of an antibacterial metal. For that purpose, it is necessary to add a potassium nitrate if needed. 
[0052] The reason for using an aqueous ammonia solution for pH accommodation is because counter ion, such 
as ammonium ion, is entered and stabilized by metaled ammonium salt in the ligand of an antibacterial metal and 
precipitate of an antibacterial metal cannot take place easily. 
[0053] 

[Example] Next, although an example and the example of reference explain this invention to a detail further, this 
invention is not limited to these examples. 

[0054] As vegetable venereal disease Hara bacteria used in the following examples and examples of reference 
for antibacterial evaluation, it is the important pathogenic bacterium of a tomato, and the tomato research 
submersible 'Kaiyou' contagion (arts-and-sciences name: Corynebacterium michiganese pv.michiganese) as a 
few gram positives was chosen also in vegetable venereal disease Hara bacteria. 
^ [0055] Antimicrobial activity evaluation to the bacteria in an example and the example of reference was 
j performed by the following approach. 

j [0056] Antimicrobial-activity assay to bacteria: 2ml (concentration 109-/ml) of spore liquid of an assay strain 

* was mixed with the semisynthesis Wakimoto culture medium or 25ml of king B culture media held at 55 degrees 
C after the heating dissolution, and this mixture was slushed into the petri dish and hardened to plate-like. The 
fibrous sample for bacteria assay cut in die length of about 2cm (width of face: 0.1 cm) was placed on this fungus 
liquid mixing plate agar, the both ends of an assay sample were carefully embedded with the pincettes at the 
culture medium, and the whole sample was stuck to the culture medium. In the case of silk fabrics, it cut with 
scissors on 5mm square, and it conducted the antibacterial experiment like the case of a fibrous sample. The 
culture medium was kept at 20-25 degrees C, and the following criterion estimated bacteria reproduction 

- inhibition extent in the culture medium near an assay sample for every predetermined elapsed time in four steps. 
However, about what has the large width of face of a rejection band, it displayed with the actual measurement 
(mm). Moreover, the antibacterial evaluation experiment conducted by putting a culture container on the bright 
location of 30cm under the fluorescent lamp of 27W was described to be "**." The thing without the mark of 

conducted the antibacterial experiment, where light is intercepted having covered black cloth. 
[0057] 

+ + : it is strong (it is clear and a bacteria reproduction rejection band with a width of face of 2mm or more is 

* formed). 

+ : it is weak (a not clear rejection band or a clear rejection band with a width of face of 1 mm or less is formed). 
** : Slight (inhibition is accepted slightly) 
\ - : antimicrobial activity is not accepted. 

[0058] Moreover, by configurating a metal ion, the following item was examined in order to investigate how the 
mechanical property of a sample changes, 
i i [0059] Mechanical property: The mechanical property (reinforcement and ductility) of a silk fibre, wool, and the 
•j silk fibroin film was measured, and the reinforcement and the ductility of a sample at the time of cutting were 
evaluated. A Measuring condition is die-length [ of a sample / of 15mm ] and width-of-face [ of 2mm ], tension 
rate 4 mm/min, and chart full-scale 200g, and was measured with the tension tester (an autograph, formal AGS- 
5D) by Shimadzu Corp. 

[0060] Fourier—transform infrared absorption spectrum: The absorption spectrum about the molecule gestalt of 
the silk fibroin film which formed the metal complex using FT-IR-spectrum (Fourier transform infrared absorption 
spectrum) measuring device by PerkinElmer, Inc. was observed. 2000-4Q0cm-1 and the number of repeats of 
measurement of the measurement wave number were 20 times. 

[0061] Processing by ethylenediaminetetraacetic acid and 2 anhydride (made in sigma ARUDO rich Japan, Inc., a 
catalog number 33,204-6, a following EDTA anhydride, and brief sketch) of domestic silkworm silk-fabrics (JIS 
L0803 conformity) (it is hereafter written as silk fabrics) HE of 14 eyes for an example of reference 1 JIS 
fastness-of-color trial was performed as follows. First, silk fabrics were put into the 105-degree C oven for 2 
hours, and sample weight was measured (W1). Anhydrous [ of lOmL / DMF ] could be taken in the eggplant mold 
flask of 50mL capacity, 2g of EDTA anhydrides could be added, and it was made to dissolve. Then, about 0.1 2g 
silk fabrics were put in, the reflux condenser was attached to this, and it was made to react at 75 degrees C. In 
addition, reaction time was set up in 2 hours and 5 hours. After reaction termination, in order to remove the 
unreacted reagent adhering to a sample, the 55-degree C acetone washed and washed the sample continuously 
by DMF first After washing with water finally, oven dry weight (W2) was measured after desiccation processing 
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of 2 hours at 105 degrees C. It asked for the weight rate of increase (WG) by the degree type from change of 
the increment in weight of the sample before and behind a reaction. 
[0062] WG=(W2 1 W O/WlxlOO (%) 

The weight rate of increase has prepared 7 or 12% of processing silk fabrics at 75 degrees C, respectively 
according to 2 hours and making it react for 5 hours. These samples are hereafter written as No.l and No.2. 
[0063] In this way, coordination of the antibacterial metal ion was carried out by the silk fabrics which can be 
prepared being immersed in a silver-nitrate water solution and a copper-nitrate water solution by the following 
approach. The 339.7mg silver nitrate AgN03 was dissolved in the water of 4mL(s), and the silver nitrate solution 
of 0.5mM(s) was produced. Into this, 505.6mg (KN03) of potassium nitrates was added, pH of this mixed water 
solution was adjusted to 1 1.4 using 1-N aqueous ammonia, finally water was added, and the whole quantity was 
set to 60mL(s). In this way, it processed with the EDTA anhydride, and it was immersed at 25 degrees C, and in 
the silver-nitrate water solution for immersion which can be prepared, the weight rate of increase sealed 7% 
(No.1) and 12% (No.2) of silk fabrics for 36 hours, and left them in it. The silk fabrics picked out from the silver- 
nitrate water solution are put into the aqueous ammonia of IN after reaction termination, after 5-hour standing, it 
took out and the air dried was carried out at the room temperature. Thus, the silk fabrics to which coordination 
of the complex ion was carried out were prepared. The sample which carried out coordination of the complex ion 
to sample No.1 is written as sample No.1-1 and No.2-1 below. EDTA anhydride unsettledness and the thing 
immersed in the silver-nitrate water solution in raw silk fabrics are written as sample No.3. 
[0064] Chemical modification processing was carried out with the EDTA anhydride by the same above- 
mentioned approach, and the weight rate of increase carried out coordination of the copper ion to 7% (No.1) and 
12% (No.2) of silk fabrics. That is, 483.2mg Cu(N03)2 and 3H20 were dissolved in the water of 4mL, and the 
water solution of 0.5mM was prepared. The aqueous ammonia of IN adjusted pH of this water solution to 11.4, 
water was added, and the whole quantity of a solution was set to 60mL(s). The silk fabrics picked out from the 
copper-nitrate water solution were put into 1-N aqueous ammonia after reaction termination, it took out after 5- 
hour standing, and the air dried of this was carried out at the room temperature. Thus, adsorption and the silk 
fabrics which carried out coordination were prepared for the copper ion. This is written as sample No.1 -2 and 
No.2-2 below. What was immersed in the copper-nitrate water solution in EDTA anhydride unsettled / raw silk 
fabrics is written as sample No.4. 

[0065] The inhibition effectiveness of these samples exerted on growth of tomato research submersible 'Kaiyou' 
disease bacteria was evaluated. The inhibition ring (mm) which appears in the periphery of a sample was 
measured. The obtained result is shown in Table 1 . 



;0066] 
Table 1] 



ta**No. 
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1- 1 


2-1 


4 


1-2 


2-2 
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1 5 


8 


8 


1 1 



[0067] It turns out that antibacterial improves, so that there are many amounts of EDTA installation from Table 
1 to that antibacterial [ of the complex ion ] is more expensive than a copper ion as an antibacterial metal and 
the weight rate of increase, i.e., silk fabrics. 

[0068] Chemical modification to wool was performed using the EDTA anhydride by the same approach as the 
example I of example of reference 2 reference. However, reaction temperature is 75 degrees C and reaction time 
was set up in 1 , 2, and 3 or 5 hours. The chemical treatment was performed in the solution made to dissolve a 3g 
EDTA anhydride in anhydrous [ of 30mL(s) / DMF ]. Thus, the weight rate of increase prepared 5.9, 12.2, and 
14.5 or 18.1% of processing wool, respectively. Hereafter, these samples are written as No.5, and 6, 7 and 8. The 
thing which made No.5 carry out coordination of complex ion or the copper ion to the example 1 of reference by 
the same approach is hereafter written as No.5-1 and No.5-2. Similarly, what carried out coordination of complex 
ion or the copper ion to No.6 is hereafter written as No.6H and No.6-2. The thing to which complex ion or a 
copper ion was made to adhere by the same approach with the example 1 of reference is hereafter written as 
No.9 and No.10 into EDTA anhydride non-processed wool. The inhibition effectiveness of these samples exerted 
on growth of tomato research submersible 'Kaiyou' disease bacteria was evaluated. The obtained result is shown 
in Table 2. 
[0069] 
[Table 2] 
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[0070] It turns out that antibacterial [ direction's which introduces EDTA in the sample first and introduces an 
antibacterial metal into this sample after an appropriate time ] improves rather than making an antibacterial 
metal ion only stick to that antibacterial [ of complex ion ] excels antibacterial [ of a copper ion ] also in Table 1 
the clear passage from Table 2, and silk fabrics, and that antibacterial improves, so that there are still more 
amounts of EDTA installation to silk fabrics. 

[0071] Example 1: When not adding with the case where 1-N sulfuric-acid water solution of 1.13mL(s) is added 
to verification 4.7 % of the weight tannic-acid water-solution 100mL of the amount of adsorption of a tannic acid, 
domestic silkworm silk thread, tussah silk thread, and wool examined what tannic acid adsorbs from the value of 
the sample weight change before and behind immersion processing. 1:100, the processing temperature of 70 
degrees C, and a reaction time question changed the bath ratio from 20 minutes till 7 hours. Refer to Table 3 for 
the concrete immersion processing time over each sample. After the reaction, the sample was washed with 
water and desiccation Shigekazu Ushiro was measured. The obtained result is shown in Table 3. 
[0072] In addition, the sample from which wool was processed in the tannic-acid processing division which added 
the sulfuric acid, the tannic acid was introduced, and the weight rate of increase became 6% and 8% is hereafter 
written as No.1 1 and No.12. Domestic silkworm silk thread is processed in the tannic-acid processing division 
which added the sulfuric acid similarly, a tannic acid is introduced, and the weight rate of increase writes 
hereafter 9 and the sample from which it became 11 or 18% as No.13, No.14, and No.15. 
[0073] 
[Table 3] 
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[0074] It investigated how many tannic acids were introduced by being immersed in a tannic-acid water solution 
(sulfuric-acid addition) in synthetic macromolecule fiber and the various materials containing a natural fiber 
macromolecule by the same approach as the above. The obtained result is shown in Table 4. 
[0075] 
[Table 4] 

yJy-fer-K PET *'J7£ K * W 7#VAt PE 
9.1 0 16.33.31.3 0 

[0076] When various giant-molecule materials were put into the tannic-acid water solution containing a sulfuric- 
acid water solution and the weight augend after immersion processing was seen so that clearly from Table 4, it 
was checked that the tannic acid adsorbs mostly with a polyamide fiber, diacetate, and cotton. The inhibition 
effectiveness of various fiber of carrying out coordination of the complex ion exerted on growth of tomato 
research submersible 'Kaiyou' disease bacteria as well as the example 1 of reference to the diacetate to which 
the tannic acid was made sticking, a polyamide, cotton, and the fibrous sample of an acrylic was evaluated. When 
the magnitude of the inhibition ring of each sample was displayed by mm, it was 10, 16, 4, and 2, respectively. 
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[0077] Chemical modification to wool was performed by the same approach as the example I of example of 
reference 3 reference. It is the wool which carried out chemical modification with the EDTA anhydride, and the 
reinforcement and the ductility when extending using the wool to which coordination of the wool and metal ion 
which are not making the metal ion complex-ize was carried out, until it cut those ****** were measured. The 
obtained result is shown in Table 5. 
[0078] 
[Table 5] 
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[0079] Notes *: Into the sample **:wool which made wool carry out coordination of the copper ion to the 
example 1 of reference directly by the same approach EDTA After introducing 5.9%, Sample *** to which 
coordination of the copper ion was carried out : although the wool which carried out immersion processing with 
the wool or tannic-acid water solution by the sample EDTA to which coordination of the copper ion was carried 
out which carried out chemical modification showed the almost same weight rate of increase after introducing 
tannin into wool 6.2% The fall on the strength arose from the wool which carried out tannic-acid processing. In 
the chemical modification by EDTA, it was confirmed that the fall rate of a woolen mechanical property is small. 
[0080] Chemical modification by EDTA (example of reference) and the tannic acid (example) to domestic 
silkworm silk fibroin fiber was performed by the same approach as the examples 1 and 2 of example 2 reference. 
However, reaction temperature was 75 degrees C and reaction time was 1, 2, and 3 or 5 hours. Thus, the weight 
rate of increase prepared 6, 12, and 14 or 18% of processing silk fibroin fiber, respectively, as shown in Table 6. 
The reinforcement and the ductility when extending until the EDTA anhydride or the tannic acid cut these 
samples using the silk fibroin fiber which carried out coordination of the metal ion to the silk fibroin fiber and this 
which carried out chemical modification further are measured, and the obtained result is shown in Table 6. 
[0081] 
[Table 6] 
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[0082] Notes *: Sample ** which carried out coordination of the copper ion to domestic-silkworm silk thread 
directly like the example 1 of reference: To domestic silkworm silk thread EDTA After introducing 1 1.1%, Sample 
*** to which coordination of the copper ion was carried out: After introducing tannin into domestic silkworm silk 
thread 1 1 .2%, compared with the reinforcement of a sample with the almost same weight rate of increase, and 
ductility, a fall is conspicuous as a result of chemical modification processing according [ the reinforcement of 
the domestic silkworm silk thread to which coordination of the copper ion was carried out and which carried out 
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sampte tannic-acid processing, and ductility ] to EDTA. Even if it performs processing by the EDTA anhydride, 
deterioration of the mechanical property of domestic silkworm silk thread is not seen. 

[0083] Sample No.3 prepared in the example 1 of example of reference 4 reference and 2-1 were washed in cold 
water, and the wash endurance of an antibacterial metal was evaluated. It was immersed for 10 hours and 
sample No.3 and 2-1 were gently put on the 25-degree C acetic-acid water solution adjusted to pH3.8 so that 
the antibacterial metal introduced into the sample might tend to have flowed out. After immersion processing 
washed in cold water and was air-dried, in this way, the sample obtained — sample No. — it is written as 301 
and 21 1. The inhibition effectiveness exerted on growth of tomato research submersible 'Kaiyou disease 
bacteria was evaluated. The inhibition ring (mm) which appears in the periphery of a sample is measured, and the 
obtained result is shown in Table 7. 
[0084] 
[Table 7] 

H^No. 3 0 1 2 1 1 

RljfcR.ram l 8 

[0085] Even if the sample made to complex-ize with complex ion by making EDTA into a spacer although the 
antimicrobial activity of a sample which made complex ion only stick to silk fabrics will fall when immersion 
processing is carried out carries out immersion processing, it becomes small antibacterial falling it, so that 
clearly from Table 7. It is because the amount of desorption of complex ion turns into ultralow volume by 
introducing EDTA into domestic silkworm silk. 

[0086] Example 5 of reference Dipping processing of the cotton thread cotton thread complex-ized with complex 
ion was carried out by the same approach as the example 1 of reference at the silver-nitrate water solution or 
the copper-nitrate water solution. When the inhibition effectiveness of two sorts of these samples exerted on 
growth of tomato research submersible 'Kaiyou' disease bacteria was evaluated, the magnitude of the inhibition 
ring to which it appears in the periphery of a sample in any case was 3.5mm. 

[0087] Domestic silkworm silk thread of 62.5g of examples of reference was made to dissolve completely into 
55-degree C 8.5M lithium bromide water-solution 20mL, this water solution was put into the permeable 
membrane made from a cellulose, the impurity was removed in permuting by pure water for five days at 5 
degrees C, and the pure silk fibroin water solution was prepared. Distilled water was added to the silk fibroin 
water solution prepared in this way, and the undiluted solution of a silk fibroin water solution was prepared so 
that bone-dry concentration might become 0.4%. 

[0088] It is the 6.8mg silver nitrate AgN03 to the water of 2mL(s). It was made to dissolve and the silver-nitrate 
water solution of 0.02 mol/L was prepared. Apart from this, the 1 6.2mg potassium nitrate was added to the 
water of 2mL(s), and the potassium-nitrate water solution of 0.08 mols / L was prepared. After addressing[ to 
1 mL equivalence ]-mixing a silver-nitrate water solution and a potassium-nitrate water solution, the water of 
0.4% fibroin water-solution 10mL and 13mL was added to this mixed water solution, and all volume was set to 
25mL(s). 1-N aqueous ammonia was added to this, pH was adjusted to 1 1.4, and it was left for 12 hours in the 
refrigerator kept at 5 degrees C. This water solution was put into the permeable membrane made from a 
cellulose, and it dialyzed with the aqueous ammonia solution of pH1 1.4. Thus, by opening the made sample water 
solution on the polyethylene film, applying I **** at 20 degrees C, and evaporating moisture, the transparent film 
of silk fibroin complex-ized with silver was prepared, and the antibacterial evaluation trial was performed. This 
sample is hereafter written as AgSF. In addition, the silk fibroin film sample obtained by changing only a metallic 
salt quantity and the addition of a potassium nitrate in preparation conditions is henceforth written as AgFI, 
AgF2, and AgF3. The silk fibroin film which used Cu and Co as the complex instead of silver similarly was 
prepared. The inhibition effectiveness of the metal complex-ized silk fibroin film exerted on growth of tomato 
research submersible 'Kaiyou' disease bacteria is evaluated, and the obtained result is shown in Table 8. CuSF1 
and CoSF1 are the silk fibroin film with which it prepared according to the following examples 8 of reference, and 
an approach given in 1 1, and coordination of Cu ion and the Co ion was similarly carried out instead of Ag ion of 
this example of reference among Table 8, respectively. Moreover, it means that "**" is the case where an 
antibacterial experiment is conducted under a bright environment, and all the things that do not have the display 
of among this specification are the cases where it carries out under a dark environment. Of course, if 
displayed as "dark", what was performed under the dark environment is meant. 
[0089] 
[Table 8] 
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^No. AgSF I, CuSF 1 Co$F 1 ffjf CoSF 191 

&K&ft(Bg) 34 48. 3 29.] 29.1 

BlttrtU^Mng) 252.8 252.8 25 2. 8 J 52. 8 

ffl±fl, mm 8 2 8. 5 js 

[0090] The film-like sample which complex-ized complex ion to silk fibroin showed high antimicrobial activity so 
that clearly from Table 8. Moreover, high antimicrobial activity was shown like [ the silk fibroin film which 
complex-ized cobalt ] the case of complex ion (when the environment of an antibacterial experiment is dark 
"dark"), and when it was cobalt ion and an antibacterial experiment was especially conducted under a bright 
environment, antimicrobial activity higher about 2 times than the case of complex ion and the case under the 
dark environment of KOBARUTOION was shown. 

[0091] The example 7 of reference: The 14.5g copper nitrate (Cu(N03) 2and3H20) was dissolved in the water of 
silk fibroin film 2mL complex-ized by the copper ion, and the copper ion water solution of 0.06 mol/L was 
prepared. The water of 0.4% silk fibroin water-solution lOmL and 13mL was added to this, and all volume was set 
to 25mL(s). The aqueous ammonia of IN was added to this, pH was adjusted to 1 1.4, and it was left for 12 hours 
in the refrigerator kept at 5 degrees C. By the same approach as the example 6 of reference, the transparent 
film of silk fibroin (CuSF) complex-ized with copper was prepared after dialysis with the aqyeous ammonia of the 
same pH after processing using the permeable membrane made from a cellulose. The reinforcement and the 
ductility of the copper complex-ized silk fibroin film are investigated, and the obtained result is shown in Table 9. 
In addition, after a methanol, 10 minutes, and a 60-minute division put the silk fibroin film which is made to carry 
out evaporation to dryness of the silk fibroin water solution, and can prepare it on the polyethylene film into 50% 
(v/v) of methanol water solution and carry out immersion processing for 60 minutes for 10 minutes, respectively, 
they are the sample dried at the room temperature. 
[0092] 
[Table 9] 

ic* it *m 7 4 7 a o&coag t #« 

i* *» * m (kff/niin') ttg (*) 

*HSK I0#) 2. 0 0. 6 

ttffiK 60#) 4. 5 1.2 

Ag S F 2 2. 8<1l0gl> 2. 1 

Z r S F 2.1 <83gf) 1.5 

[0093] (Note) sample length: — 1 5mm chart rate: — rate of 500 mm/min extension: — 4 mm/min chart full- 
scale: — thickness [ of 500gf silk fibroin ]: — so that clearly from the 20-micrometer table 9 Although 
mechanical brittleness even if it extends the silk fibroin film processed for 10 minutes in 50% of methanol water 
solution 0.6%, to the extent that it is torn is shown, it is making it complex-ize with complex ion and zirconium 
ion, and it is tinctured with flexibility a little and change of membranous cutting reinforcement increasing is seen. 



[0094] The example 8 of reference: 28.9mg Cu(N03)2 and 3H20 were dissolved in the water of silk fibroin film 
2mL complex-ized by the copper ion, and the copper-nitrate water solution of 0.06 mols / L was prepared. Apart 
from this, the 505.6mg potassium nitrate was added to the water of 2mL(s), and the potassium-nitrate water 
solution of 2.5 mols / L was prepared. After addressing[ to 1 mL equivalence ]-mixing a silver-nitrate water 
solution and a potassium-nitrate water solution, the water of 0.4% silk fibroin water-solution 10mL and 13mL was 
added to this mixed water solution, and all volume was set to 25mL(s). 1-N aqueous ammonia was added to this, 
pH was adjusted to 1 1.4, and it was left for 12 hours in the refrigerator kept at 5 degrees C. This water solution 
was put into the permeable membrane made from a cellulose, and it dialyzed with the aqueous ammonia solution 
of pHIIA Thus, the transparent film of silk fibroin (CuSF) complex-ized with copper was prepared by opening the 
made sample water solution on the polyethylene film, applying one whole day and night and making it evaporate 
at 20 degrees C. The inhibition effectiveness of the copper complex-ized silk fibroin film exerted on growth of 
tomato research submersible 'Kaiyou' disease bacteria is evaluated, and the obtained result is shown in Table 8. 
[0095] The example 9 of reference: FeSOof 33.4mg of silk fibroin film complex-ized with iron ion4.7H20 was 
dissolved in the water of 2mL(s), and the iron nitrate water solution of 0.02 mol/L was prepared. Moreover, the 
water of 2mL was put into 871. 4mg K2S04, and K2S04 water solution of 0.08 mol/L was prepared. After 
addressing[ to equivalence ]-mixing 1 mL of each water solution at a time, the water of 0.4% silk fibroin water- 
solution 10mL and 13mL was added to this mixed water solution, and all volume was set to 25mL(s). 1-N 
aqueous ammonia was added to this, and pH was adjusted to 1 1 .4. This water solution was put into the 
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permeable membrane made from a cellulose, and it dialyzed with the aqueous ammonia solution of pH1 1.4. Thus, 
the transparent film of silk fibroin (FeSF) complex-ized with iron ion was prepared by opening the made sample 
water solution on the polyethylene film, applying one whole day and night and making it evaporate at 20 degrees 

C. 

[0096] The example 10 of reference: Instead of the silver nitrate in the example 6 of silk fibroin film reference 

complex-ized by the zirconium, it is 22.0mg ZrS04. The transparent film of silk fibroin which was used and was 

complex-ized by Zr by the same approach was prepared. This is hereafter written as ZrSF. 

[0097] The example 10 of reference: The transparent film of silk fibroin which used 34.9mg Co(N03)2 and 3H20, 

and was complex-ized by Co by the same approach instead of the silver nitrate in the example 6 of silk fibroin 

film reference complex-ized with cobalt was prepared. This is hereafter written as CoSF. 

[0098] In order [ since, as for the silk fibroin film made to complex-ize with cobalt, it turned out that growth of 

tomato research submersible 'Kaiyou disease bacteria is prevented very efficiently as shown in Table 8 next ] to 

evaluate the molecule gestalt of the silk fibroin film configurated with cobalt, FT-IR-spectrum measurement was 

performed. The wave number (cm-1) of absorption observable by measurement of FT-IR spectrum is measured, 

and the obtained result is shown in Table 10. 

[0099] 

[Table 10] 

1 4 5 2(vw), 1 42 9(m), 1 4 1 4 (wK 1 3 8 4 (wh 
1 3 3 6 (wK 12»8(vw)..l 24 6(s). 117 1(m>, 
1 0 5 6<wK 1018(wh 74 8(m), 66 9(s), 5 5 8 (s) 



[0100] : (Note) The inside of 0 showed the reinforcement of an absorption spectrum in the following four steps. 
[0101] vw: very weak Whenever [ middle / of m: ] s: — strong vs: — very strong example of reference 12: — the 
transparent film of silk fibroin which used 34.9mg nickel(N03)2.6H20, and was complex-ized with nickel by the 
same approach instead of the silver nitrate in the example 6 of silk fibroin film reference complex-ized with 
nickel was prepared. This is hereafter written as NiSF. 

[0102] The example 13 of reference: The transparent film of silk fibroin which used 35.7mg Zn(N03)2.6H20, and 
was complex-ized by Zn by the same approach instead of the silver nitrate in the example 6 of silk fibroin film 
reference complex-ized with zinc was prepared. This is hereafter written as ZnSF. 

[0103] The example 14 of reference: The transparent film of silk fibroin which used 34.4mg Mn(N03)2.6H20, and 
was complex-ized from Mn by the same approach instead of the silver nitrate in the example 6 of silk fibroin film 
reference complex-ized from manganese was prepared. This is hereafter written as MnSF. 
[0104] The gestalt physicochemical description [ the various metal complex-ized silk fibroin film prepared in the 
examples 6-14 of example of reference 15 reference ] is investigated, and the obtained result is shown in Table 
11. The valuation basis of the gestalt-description of the silk fibroin film containing front Naka and a metal 
complex was as follows. 
[0105] 

transparency: — + transparence and - opaque : on the strength — those with +, and - nothing [soluble:+ 
dissolution to water, and - insoluble — 0106] 
[Table 11] 

AgSF2 AgSF3 CuSP2 CuSFS FeSf CoSF! ZcSF ZrSF NiSF MnSF 
iHlfag) 3.4 3.4 14.5 14.3 I & 7 17.5 1T.9 11.0 17.5 17.2 
*mU(Qg) 8.] 252. 8 0 252.8 435. 7* 252. 8 252. 8 435. 74 252.8 252. 8 

aatt + + as mm tw twt + + mn * 
a* + +-- + -+ + - + 
-++ + + + + + + + 

[0107] A notes metallic salt quantity has a thing containing water of crystallization, and the thing which is not 
included by the difference in a metaled class. 

[0108] * : use and others use a potassium nitrate for potassium sulfate. 

[0109] Example 3: According to the approach of the examples 1 and 2 of verification reference an outflow of the 
metal ion by osmosis processing, coordination of the complex ion was carried out to the thing to which the thing 
or tannic acid (example) which carried out chemical modification to each of silk fabrics and wool with the EDTA 
anhydride (example of reference) was made to react. The rates of installation of the weight rate of increase by 
the EDTA anhydride and the tannic acid were 10.3% and 10.5%, respectively. 
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[01 10] The sample was paid to the penetrant remover set to pH3.5 in the acetic-acid water solution, and using 
the shaker, shaking processing was carried out for five days, and it experimented in the antimicrobial activity of 
15 hours and the sample washed further in cold water. The inhibition effectiveness of various samples exerted 
on growth of tomato research submersible 'Kaiyou' disease bacteria was evaluated. The obtained result is shown 
in Table 12 by the inhibition diameter of circle (mm). 



[0111] 
[Table 12] 
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[0112] Even if, as for the silk fabrics which introduced EDTA and were complex-ized with complex ion, shaking 
time amount becomes in 120 hours so that clearly from Table 12, there is no change of antimicrobial activity. By 
the sample which processed with the tannic acid and was complex-ized with complex ion, complex ion carries 
out pole small desorption, and antimicrobial activity falls a little. 

[01 13] The example 16 of reference: Coordination of complex ion and the cobalt ion was carried out to the silk 
fabrics which carried out EDTA treatment, and the thing which carried out chemical modification of the wool to 
each of silk fabrics and wool with the EDTA anhydride according to the approach of the examples 1 and 2 of 
coordination reference by Ag and Co. The rates of installation of an EDTA anhydride were 0%, 10%, and 16%. 
Antimicrobial activity was investigated about these samples. The inhibition effectiveness of these samples 
exerted on growth of tomato research submersible 'Kaiyou' disease bacteria was evaluated. The obtained result 
is shown in Table 13 by the inhibition diameter of circle (mm). 



[0114] 
[Table 
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[0115] If Co ion configurates in the silk fabrics which carried out chemical modification with the EDTA anhydride 
so that clearly from Table 13, antibacterial will improve rather than the case where Ag ion configurates. 
Moreover, by the sample to which coordination of the Co ion was carried out, it turns out that antimicrobial 
activity increases by carrying out under the conditions which hit "**, i.e., light," and made antibacterial 
evaluation conditions bright 

[01 1 6] The example 1 7 of reference: It asked for the pH titration curve of the metal complexHzed silk fibroin of 
the water-solution condition manufactured in the example 8 of verification reference of complexing of silk fibroin 
and a metal ion by the approach shown in reference (macromolecule collected works, 51 volumes, 167-171 
(1994)). It was consumed at the obtained result. - Since two or more stair-like step parts were accepted when 
the amount of OH was converted into per metal 1 ion and having been plotted to pH, it was confirmed that the 
metal ion has configurated in silk fibroin. 

[0117] The example 18 of reference: The aqueous ammonia solution adjusted pH of the mixed water solution of 
0.31% of the weight of the silk fibroin which contains 50mM potassium nitrate in the metal ion (Cu, Co, Fe, nickel) 
and the object for ionic strength adjustment of verification 3.6mM of a metal complex in the inside of a silk 
fibroin water solution to 1 1.4. In addition, the potassium sulfate of 50mM(s) was used for Fe ion adjustment. 
Thus, the silk fibroin water solution containing the prepared metal ion was put into the square shape eel made 
from the quartz of 1 mL, and the absorbance was measured with the electron-spectrum measuring device (the 
Hitachi make, U-3200). The wave number range of measurement was 200 to 500 nm. In the water solution of 
only silk fibroin and a metal ion, the new absorption which is not seen at all appeared in the electron spectrum of 
the water solution of the silk fibroin containing a metal ion. The wave number (nm) of the absorption which 
appeared newly, and the gestalt of absorption are shown in Table 14. 
[0118] 
[Table 14] 
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CuSF 5 2 6 \i-9&3L± 

CoSF 4 5 7 \Z-*?ftgL*L 

FeSF 350-360 6£e-£ 

NiSF 4 3 5 X-9&at*i 

[01 19] Based on d-d transition, it is proved [ absorption peak / declared ] that silk fibroin and a metal ion form 
the complex to be sure. Therefore, also in the silk fibroin film which was made to carry out desiccation 
solidification and obtained the silk fibroin water solution containing a metal ion, the metal ion forms the complex. 
[0120] Catechin ([+]-catechin, C1251 or [**]-catechin, C1788) 5mg by the example 4 sigma company was 
dissolved in 20ml water, this was taken to the 50ml Erlenmeyer flask, silk fabrics of 3cm around were immersed 
into this, and it heat-treated at 70 degrees C for 2 hours. It washed in cold water after reaction termination and 
the air dried was carried out at the room temperature. The silk fabrics which carried out catechin processing 
were immersed in the silver-nitrate water solution like the example 1 of reference, and coordination of the 
complex ion was carried out to this. Compared with what carried out coordination of the complex ion to the raw 
silk fabrics which do not carry out catechin processing, coloring extent by complex ion adsorption was increasing 
what carried out coordination of the complex ion to the silk fabrics which carried out catechin processing, and it 
was confirmed that complex ion has configurated mostly in the silk fabrics which carried out catechin 
processing. 

[0121] The antimicrobial activity of the silk fabrics (a catechin and copper complex-ized silk fabrics) to which 
coordination of the copper ion was carried out instead of the complex ion to which coordination of the metal ion 
is not carried out, and which was used for the silk fabrics (catechin processing silk fabrics) which carried out 
catechin processing, and the silk fabrics which carried out catechin processing in the example 1 of reference 
was evaluated. The inhibition effectiveness of these samples exerted on growth of tomato research submersible 
'Kaiyou disease bacteria was investigated. Although it was not clear to catechin processing silk fabrics, in them, 
the 22mm inhibition ring appeared [ the inhibition ring which is the diameter of 3mm and the comparatively clear 
inhibition ring with a diameter of 5mm ] in a catechin and copper complex-ized silk fabrics again. 
[0122] Although the effectiveness that also making a catechin act on silk fabrics beforehand prevented growth 
of a pathogenic bacterium was seen, by making catechin processing silk fabrics complex-ize a copper ion, 
further, antimicrobial activity was conspicuous and increased. 

[0123] The example 19 of reference: Graft processing to each MAA graft processing domestic silkworm silk 
thread and wool to a domestic silkworm and wool was performed as follows. To domestic silkworm silk thread, 
MAA concentration was set as owf and 150%owf for MAA concentration 100% to owf, 150%owf, and wool 70%, 
using MAA as a monomer for polymerizations, owf (concentration display to the sum total weight of a protein 
fiber and MAA) other than MAA was added to the solution for graft processing 12 % of the weight new cull gene 
1515-2H (a trade name, mixed surfactant of the nonionic surface active agent made from Takemoto Fats and 
oils / anionic surface active agent), and 1.8% of ammonium persulfates, formic acid 2 ml/L was added further, 
and pH of a graft system was adjusted to 3.1. The temperature up was carried out to them, having applied [ of 
the graft processing system ] it to 80 degrees C from 20 degrees C for 20 minutes, it held at 80 degrees C for 1 
hour, and the graft polymerization reaction was performed. After the graft polymerization reaction, a protein fiber 
or its textiles was taken out, and it washed, and dried, domestic silkworm silk thread — the graft working ratio of 
43% (in the case of MAA concentration 70owf), and 102% (in the case of MAA concentration 150owf) of 
processing sample — moreover, about wool, the graft working ratio of 22% (in the case of MAA concentration 
100owf) and 41% (in the case of MAA concentration 150owf) of processing sample were prepared. Thus, the 
domestic silkworm silk thread and the wool which were prepared were immersed in the tannic-acid water 
solution of concentration 4.76 70-degree C% of the weight. The tannic acid was made to adsorb by putting for 3 
hours from wool at domestic silkworm silk thread for 60 minutes. In addition, at the time of wool processing, 
1.13ml of 1-N sulfuric acids was added to the 100ml tannic-acid water solution, and pH adjustment was 
performed. The bath ratio was set as 1:100. By measurement of the sample weight before and behind processing, 
what% sample weight was introduced measures and a tannic acid shows the obtained result in Table 15. 
[0124] 
[Table 15] 
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- 7 0 1 11 
4 3 7 0 1 1 7 

ffcSIBfc 1 0 2 7 0 I 2 5 

- 7 0 3 4. 3 
2 2.70 3 11 

4 1 7 0 3 11 

[0125] You can make it protein fibers, such as domestic silkworm silk thread and wool, beforehand filled up with 
a methacrylamide polymer in fiber by graft processing, and the amount of installation of a tannic acid can be 
made to increase into fiber only by carrying out immersion processing of this at a tannic-acid water solution so 
that clearly from Table 15. By carrying out immersion processing of this at an antibacterial metal ion water 
solution, coordination of the antibacterial metal ion could be carried out, and the antibacterial material which 
controls growth of tomato research submersible 'Kaiyou' disease bacteria has been prepared. 
[0126] 

[Effect of the Invention] Since according to this invention the spacer which has the coordination radical which 
can carry out coordination of the antibacterial metal ion is beforehand introduced into a natural fiber or 
synthetic fibers, such as silk protein and wool, and coordination of the antibacterial metal ion is carried out to 
them after that, it excels in endurance also to processing of wash etc., and the large antibacterial material of an 
antimicrobial spectrum can be offered. This antibacterial material has the effectiveness that growth of the 
tomato research submersible 'Kaiyou' contagion of the vegetable origin can be checked. 
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Abstract of JP2000204182 

PROBLEM TO BE SOLVED: To obtain the subject polymer raw material exhibiting a wide antibacterial 
spectrum against a pathogenic bacterium and capable of exhibiting excellent durability by previously 
introducing a compound having a ligand capable of coordinating to a metal ion and dipping into an 
aqueous solution of an antibacterial metallic salt. SOLUTION: This antibacterial polymer raw material is 
obtained by introducing a polyphenol (preferably tannic acid, catechin and flavonoid) as a spacer 
having an action bondable with a polymer raw material (preferably silk protein, wool, collagen, a cotton 
fiber, a diacetate fiber or the like) by treating in an acidic aqueous solution of the polyphenol at pH 1-3 
and coordinating an antibacterial metallic ion (preferably a silver ion, a copper ion or the like) to the 
polymer raw material through the spacer. The polymer raw material is obtained by introducing the 
polyphenol into a polymer raw material and coordinating a metallic ion by dipping into an aqueous 
solution containing an antibacterial metal. 
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[oo2 5] £tt£it<D*g*tttt« *«6frw6<s<& 

os«;tt^stf«Sttr 5 / »»mt r ^WfcEJC&S 
L/c 19, -try:/, ^i/^y*©7^B9 

tittle * tr r *i e> <o££tt r 5 J WSt&*> 5 ^ (4 7 = J 

#<-&*ixS^T% ¥^4rJDXi-5Rl«)EDTA«** 
»Sf4IH7^^D>f votl^lcJt^r *»-(?«> J: <, E 
(SWIBttfittlB-eiv^ EJCS»T»I4 % DMFTW 
K»«c:«-»Lfc*Ei6»*l»*L. ft&ftlc|47k 



4) M2 000-204 1 8 2 

6 

**Sr^-rSlC«t, 6 flat L<*4 5 ft 

Stt^^^ll^Ts 1 5 OtKiOJnHRfcJ: OJifckEJS 

^fCTE^k*5t [I] ©E£fcJ:0^»D*8*fc 
[0 0 2 2] 

10 

(RCO) 2 0 + NaCl [I] 

[0 0 2 6] Z<D±?{Z LXmm L/b^^-^-^^A 

«-rtitf<fc<> rntcio^fl-r^-v^^^-^-^E 

{4 X lN©TV*=r*4rJ0x.TpHSr9-l 2|c«» 
20 Kftfi* 5-6 0mM-CJ:<, #* L<f42 0-3 0m 
£/£B#£ l^-CO p HOOT >^e~T7k{C AtvC 5 RfflQlHl 

[0 0 2 7] 4fc, fc LTJ4, £iggg£<£>«; 

frtnctfy 7x.;-j\s*m^z>z.h t>-e#s. tfy?^ 

rt««*-e#5. 7xy-;vt LTf4, 

(-) -^.t^T-^r^ (EC) , (-) -^t°#D#x^> (EGC) , 

!)7i / — yu<t LT{4 > -feT 77 t^(TFI), irT^7 
tr>*/XfU— h A (TF2A), t777t^;^l/- 
h B (TF2BK t777kV^l/-h (TF3)*««-C 

[0 0 2 8] ^V^>Sftf4^>-^^Sr*D*»»PLrK5g 
^^Vf4tt«ffJCJE<#€Lr*5 0, M&S 

[0 0 2 9] #y 7iy-vuS:fflv^5»&ia4, *»4 
UfiR^SfR^fflv^sKy 7aiy-/w*SiS(OpH*r l - 
4ftifi, »*L<I41 -3^ifilC||SL, ^<OKtt*^ 
LTIWrtSHciK ^7x/- 
/u^AS^So *»***tt*y7*y-yui«>IBk: 

SrEffiS-frS^J:^, SiBttAIR>f ^V|4*y 

50 7x/-yKOEfiS, K^^fgW^EffiStEffi-rSo 



( 5 ) 

7 

[0 0 3 0] ^^^vK*»ffi^S5^*»*a»L-C 

rti-38Sic*-cT»fT*5< t r^-rsrit- 
*»4S»*»««:a*.T p H»tt4:-r 3 r fc tc J: "9 . 

it. mmm^^KDmmmximm. 9*>&#<D&to 10 

[0 0 3 1] ftd, fi^SRWfc^-if-ftfrLTffi 

[0 0 3 21 »«efBm*»6«l7-f^B^y*»«*r 
*KDT&* V **«-e*» U IS* t> L < tt£**Efc 

<fcffi& t J: v \ 30 

[0 0 3 3] ±m<D£?{C s JB7>r^n^ vaWISrg» 

[0 0 3 4] 4fc, »*«7-f^o>f 

»SB**BI*fi*ic»L-C5 0«*©o. i%iHMb 40 

[0 0 3 5] *»W-CfflV^»«a«t LTWt, $fi. 
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8 

[0036] Ma asmsttftfl: y * A<o»w&ire 

£-7 < CUTF, #*U<tt-3 0 , CKT-e-l.**** 

[0 0 3 7] ^jSW-CJpJWe^StfiBttAJRt L-Ctt, 
Ag, Cu, F e, Ni N Zn, Co, Zr, Mn, S 

Stt^s-r a-^**»w©*^-*-fcEffi£*fc ^ , 

XttK^-T-^W^atSEttS-frfcOi-Sttt, 7KtcJ:< 

mam. &mbzw*T**-vM>m&<omm<k^ 

[0 0 3 8] tt«tt«r»*i-6#««>»*tfc LTtt, M 

[0039] »^*tt^# y y^j -frzmx Ltz 

tt«tt4K*^^a»UTSi«ttA«^^vS:E 

/loik&mx'fyy h*pxftLT*>< tJ:i^. 

y/vr * k U^T, MAAti&isi"6r^ t*> 

[0 0 4 0] fyy htoUJL<DW&i±fc<om*)X'foZ>o ? 
9 7hJnx*tt. #®?Stt^J. ^77h^;v- fi^ 

SffffiffittSJtLTfi, ^HC (B-XH 

sin (*) iSa a n£) oi^ft^^vffBSttfl^ 

na-^/wyy l 5 l 5 - 2 H (n*ttJil (ft) BL iA 



( 6 ) 

9 

^-(Dm^totfZ&mmX+ftXh*) , m^ifUAA 
4 0%owf (owf^iiiltt^t^M^) 

fflv*fc»£\ m&mmit Lxmomr 

[0 0 4 1] i/yy h^DX^O pH$:2-4 gg x 

L<it3ffimzmmi-z>z. tit, ^yyvm^Rit^ 

[0 0 4 2] ^7 7hMt ^77F»^ 

&mmizttLx<Dmj:mmmit. whrnstz. »*l< 

111 : 1 0~1 : 20, <fc 9 L < 1 : 15tt 

So 

[0 0 4 3] ^^Jfr&E/Sfi, ftix«i;:s&R«H£ 

0Wtt 7 5-8 0ti:#fiU 7 5-8 0tt*3 0 

[0 0 4 4] Vyy bmxmtl 0-3 0%T*fctU£J; 30 
v\ ^77 h*px(cj:5fi*it*D*^i 0%*rre#>5 
ir/jfy 7^y-/uo^Aa^r6]_bu*V^L, 3 0%$: 

&S 0 MAA^77 hftJXLfc3B*Sr^V=.^»**»[ 

[0 0 4 5] J^T. ±{MtfH^fca£ft»&W-0LS 
tt£lttrtrfts/B*** St*tt»a«*#«:W«i-S»* 

m y << -f d ^ >asitsr*{k y ^ -> 40 
i7>fyD>f >frm&%m^xifcw&&&4*^$:miiL 

£&Z>\a*&i<Dl:i\ci-Z>k£\<\ 0. 2-1. SSffl: 

-*>k-wc£itzk xi\ mz.it. mmm^m^ 

y * a t ^ 5 a-e-efc s 0 so 
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[0 0 4 6] ^^>*««fflfflO'PttffiO*^3|-Vtt, 
WClHfclfrSttfcl^ tfjxtf, K. Na, Ca, Mgl 

:^SI*K, SSWia*. 5 0-2 0 0mM« 
T'fo D , L < f* 70-100 mMT'fc^o -< * 

*&&m&m\u** k, camvxttyx-htiti&D 

[0 0 4 7] ttBtt^JRittOttffl**, fetSttic^ic^ 
*lfc«<Dj§'g*-m, 0. 1-2 0mMfiS<O««;-CJ:V^ 

#S 0 Fe, Cu, Zr, Z n tfOffiBtt^SSOA: 

^ftyM^^iat, myjyvjy^&mjj-y 

*p^5o a»tt, ^y ^A^-og^ofc^tc^sL 

*»as!ra^i:f3 pH9- 1 2^HfiLr*5< rt^a* 
u\, r/u*y*s»t LTffl^e>nsr/u*y»j»i, 

SiK^^tfbttSo rtt?>or/u*y*s«tt*ai"Cffl 

# y zKjgffi SrSani LTE/S*a> p H£ 9 WifcJtffS r 

r^y»fl8^*/w#^5//us (-cooh) , r^/s 
^voEffi^tftsaea^r^ / K««^e>^o fy 

3ftSft»tT, tt«tt&JR>r^V3ftSEffiuav^JtSrSt5«fc 

[0 0 4 8] -COOHj&^/Ph^Sm ^ - 
COO" -> -COO-M 

ft^T% ^^«OpH^^tL«±(C>i6i, ±EOR 
[0 0 4 9] 

S-NHj *^ib^o b>&m*fX -* S-NH 2 -M 

tt^m^E^i-5 0 ) 

So 

[00 50] Sfl7^D^y(7)§I l ^3. 8WifiT**> 



( 7 ) 
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[0051] stBtt^jRo>f ^-^flioav^cij: 5, at 

[0 0 5 2] pHpgSffi(CT>-^r:T7K^^ffl^5S 
[0 0 5 3] 

[0 0 5 4] WTO|gl6^tJt##ffiJ«c:t5V^TtriBttS 

7i»&§tt^<t LTtf) hv h*»V^J: 5** (^** : Cory 
nebacterium michiganese pv. michiganese ) £3 A/ 

+ + 

+ 



12 



[0 0 5 5] *!60iJS^##«^(Oj»SlCW-rSSLeg 
[0 0 5 6] ftlB^iti-SSiKfiStttt^ife : 



10 



20 



5 5tl:^lf;^«l«lXI^>/BM2 5 
m 1 fc, ftSi^fi^iS (Ml OVm 1 ) 2mU 

(«: 0. 1cm) tC9*rLfclim«ffi^M|KRIW 

«KttiB£B«Tofc 0 igi&£2 0-2 5t(C»^, 0f 

gS:TIE(OipJ^S2pfc:J:i9 4©|SgT*W«Lfc 0 fiu PI 
Jt*o«as*£^fcofco^-cii. Hffltt (mm) -cs 

[0 0 5 7] 



(9HR"Cti 2 mmj»±OBif ft|fljkffi«r)Bj£) 
SSV> (3FW**iaihW, X(lifilmm^TO0^K^Pl±^^^) 
<8» (fcrjWcHftWBftfeixfi) 
tt»«ttliB»6;hAv\, 



[0 0 5 8] *fc, ^B^^SrEffil-sriicj;!)!* 

[0059] m&to¥f&:mmm. ttbbxncm?* 

<PftM 5mm£tf«2mm % 91580 i8ft4 mm/m i 

d) iciOBftLfc. 

[00 6 0] 7— U h/L' : * 

Lfz Q m&&&tt s 2000-40 0 cm'\ 40 
B£©»DfiLSf42 0 0-Cfcofc. 
[0 0 6 1 ] 1 

J I SftfeS5 9ltK»ffl^l4a^^Sttfilfe (J 

is L08 0 351) (J^T, Bmft^BEi-^) ^ 

^ ^■^^V'tt^ttl!, *^n^S-g-3 3, 2 0 4 
-6, OTEDTA&*^<*:l&f5) Ic J: -SfeSSrft© J: 
plcLTtrofCo 5fc1\ ffitttt&i 0 5t^Bi:2 
^WAilTK^fift^ttftLJt (W.) 0 1 OmLWi 
iDMF?:5 0mLiiOt^i77^^M!), ED 50 



TA&*&2 g£JP;iTJ:<g#§-£fc 0 ^(7)^ N ft 
0. l2 g o*B«»S:A^ r;h,fc«B»^*f+tt 7 
5t:-CBSS*fc. ftja, SOamitt, 2i*B, RV5 

B*rB*-t-6fc»*-fDMF-ea5*L, 8^X5 5^0 
T-fehVTWrtrW^Lfc. *k»fc*-W6ofc*, 10 

5^2i«nowi«iift % m&mm ov.) *bj£l 

ilfls (WG) Srfta:ic:J:9#«)fc 0 
[ 0 0 6 2 ] WG = (W 2 -W, ) /W, X 1 0 0 (%) 

7 5t;tf2«ffliftW5B»nBBt:s-e:5 - tT-a»tjip* 
toWMrKT. No. i N No. 2tmz-tz> 0 

[0 0 6 3] - o Lxmmxz SB«*Sr*©*ffijc: i 

ttAB-f*V«:E4ifcS*fc. 3 3 9. 7mg^iiA 
gNO 3 ?r4mL(O*|;g^Lt0. 5mM<D«g 
?S^f^ML/c 0 wO^fC^K^y^A (KNOi) £5 
0 5. 6mgte, 1 N<DT>*~Tfc$:mi<^X~<nm 
&*®m(DpHZ:l 1. &g(C*^Dx.T 

4ts:6 0mLtLt. r o Lxmmxzzmmmnm 
$tm&mmiz, edt Am^x^mLm&mMm^7 

% (No. l)Ml2%(No. 2) <Dm&m*2S 



(8) M2 0 0 0-2 0 4 1 8 2 

13 14 

»No. 1-1, No. 2- 1 tBSE-*"*. E DTAS Lfc 0 :MWT^No. 1-2, N 

^I*Bli**5B»«**iR»Cfti«Lfct o. 2-2ifcK-r*. EDTAteMfe*»«-*iWX 

WSrKftNo. 3^&&IS-r-5 0 Lfc t>(OS:K»N o . 4 <!: 

[0 0 6 4] ±IEOpltR©*&-CEDTA«*«-Cft;^ 0&!£1-£o 

*MHlDXL, 7% (No. 1) il2% [00 6 5] hfrft 9*f»lB<01tSticXtf-r rft 

(No. 2) OiHKMfc^«B>f*yt:EttS**:. fe^lW©l&*»**IW*Lfc. Ktt0>*HBfc*ft5fi 

*>, 4mLO*l:4 8 3. 2mgOCu (NO.) : • 3 10 JhH (mm) £®j£bfc 0 #?>ilfcte**:8ll:*t. 

HiOttWKStt, 0. 5mMO**iKS:II»Lfc. I [0 0 6 6] 

NOT >*~T &X~Z<D&mm<D p H&l 1. [^1] 
U *SrlBx.-C»i(r©±**:6 0mL4:Ufc. EJfcj*7 





3 


1- 1 


2 - 1 


4 


1 - 2 


2-2 


jfiJtH,mm 


1 0 


1 3 


1 5 


8 


8 


I 1 | 



[0067] mifrb. fcmit&mt itii, 

[0 0 6 8] ###J 2 

B#BHil* 2, 3, 5^{-^tfc 0 3 0mL(?)l7R 
DMFIC 3 g<DEDT AMfcV!>$:t%M& J £tzfei&$ > Vik 

^ 5. 9, 12. 2, 14. 5, 18. 1 %O^PX^ 



20 7, 8iS&|Si-6 0 No. 5tC##^Jl ^r(^1iO*}feT* 

o. 5-1, No. 5-2i:l»E^<5o No. 
e^fi^^^fcSV^^^^SrEttS-frfcfc^SrfiJl 
T\ No. 6-1, No. 6-2<h»&l5-r5o EDTA 

V, Xtt^^^SrfMf^-frfet^SrWT, No. 9. 

No. i o tmmi~z>o h-? bM^iffimmtommz 

^^2lc^i" 0 
30 [0 0 6 9] 
[312] 





9 


5 - 1 


6 - 1 


1 0 


5-2 


6-2 




3 


7 


8 


0 


2 


2 



[0 0 7 0] $L2frb* *l"Ct>W6>3*»4t*5 9*^3j- 

1*EDTA«:SWrtlcWALT*5#. L^Sftlcr^K 

S &lC»fcft'^>EDT AWA**«*V>att«tt^ia± 

[0 0 7 1 ] Hffi^J 1 : * X= VH©«**OKttE 
4. 7fi*%^>->»*SfKl0 0mLtCl. 13m 
L<7>1 N«6»*Sf8E**D^^»&ta0^ftV^*& % i£S 

Ltz 0 »JtJil : 100, «igiB*7 0t:. KJC^FbU* 



2 0»-7i^Pfl*T*3E{b**fco 

[0 0 7 2] fc*5 % SMSrWSDUfc^vsivWQ.jaE-e 

LT * y^yfe^A LSSJf AD*** 6 %, 
8%fcfcofcR»£«T* No. 11, No. 1 2 £I3& 

JS^Sr&SLT^^^KSr^AU ******* 9 , 
11, 1 8%£*ofcK»£«T\ No. 13, No. 
1 4, No. 15 <tB&fM-<5 0 

[0 0 7 3] 

[«3] 



( 9 ) 

15 
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a ft & aa^gag 





30# 


605> 


90# 120# 




7$WJ 


3391* 


8.5 


11.2 


12.9 18.2 








4.1 


8.5 


10.3 








0 


o- 


0 0 


0 


0 


K ft * 












20£ 


30# 60fc 


90# 120& 3P5[BJ 




76*W 




18.9 


21.6 24.3 












7. 0 8. 1 


10.9 - 












4. 8 - 4. 3 


6.2 


8.2 



mmMtt^-z^ts&mmtfz? >^^m^mm mmm [0075] 

V7-k7-h PET ^'J7SK * 8 7*U* PE 
9.1 0 16.33.31.3 0 



[0076] m4frbwbfrtex : >\c^ m&fcmwiz^ 



30 



10, 16, 4, &l/2tfcofc 0 
[0 0 7 7] 3 

DTAft*«-C<k^lHt Lt^-Cfto T4I>f t>Sr 

[0 0 7 8] 
[$5] 



tt No. 


«M)to*M 


mum 










324±48 


20.0±6.4 


3962±11Q8 


No. 5 (EDTA) 


5.9 


3S0±43 


31.7±4. 3 


4469±I052 


No. 6 (EDTA) 


12.2 


268±39 


28.6±7.C 


3l3t±109S 


No. 7 (EDTA) 


14.5 


312±39 


26.5±9. 2 


398 1 ±784 


No. 8 (EDTA) 


18. 1 


32B±21 


26.1 ±7. 2 


4U6±8H 


No. 1 1 <*>->»> 


6.2 


290148 


34.0±7.O 


4 384 ±1198 


KO. 12 (*>!>»> 


8.2 


301 ±17 


37. 0±4.0 


4889±484 


CiT 




258±20 


32.3±3. 1 


4023±706 


EDTA-Cu" 


6.9 


2S8±I7 


Z5.0±3.3 


3362±798 




6.! 


272±34 


29.S±2.6 


3873±9II 



[ 0 0 7 9 ] m * : 1 1 mm<o^xm 

** : EDTA £5.9X*ALfcf£, SH^^IEfi 

EDTAlc-i:-5{k*«fif6Lfi^*>5VMi^>'^>»* 



50 



fc. EDTA4Cj:&{k^flE«iT»tt¥^«t*»»ttO«: 

[0080] mmm 2 

1 xtf 2 1 mmvjj&x^mm 7 4 y o yii 



( 10 ) 
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to&tfitllftl* ^6l^-f,t9(C, 6, 12, 14, 
1 8%<DtoT.m7 4 7Bj'/fm*:ffimLtz t , EDTA 

SCSH* 



18 



i-. 

[00 8 1] 
[^6] 



B{ ft No. 




MM 


<*«(*) 








329±13 


19.0±4.0 


3690±762 






439±2I 


20.0±2.3 


3302±576 


No. 1 (EDTA) 


8.3 


464 ±44 


16. 8±2.9 


3042±682 


No. 2 (EDTA) 


11. 1 


471 ±39 


17.9±2.5 


2945±550 


Ko. I30>z>jg) 


8.6 


440 ±17 


18.0±2.0 


3212±483 


No. 14 <*>-/») 


M.2 


43l±32 


17.3±2. 0 


2677±6Q0 


No. 15 


18. 2 


447±21 


18.6±2.2 


3229±605 






295±80 


11. !±2.5 


I498±9D3 


EDTA-Cu" 


11. 1 


256 ±64 


10.0±2.0 


I082±83l 


CO" * 


11.2 


372 ±21 


13.7±0. 7 


1974±203 



[ o o 8 2 ] m * : %mm&iz&%m 1 1 mmz&M 

** '.WmWi&\Z. EDTA fcll.lWTALfcft, iPH^V 
*** :*SjB*fc^v=.^«rll.2WIAL*:ll, «W 
^v=vK»aLfc**JH*©3i*, #*«t, EDTA 

[0 0 8 3] ###J4 
##«lta»lfclt»No. 3, 2-l£7kft^LT 

■tt£«*«HiL*^J:5^ P H3. 8(c|^SLfc2 
S^ftR^kSffi^KftNo. 3, 2-1St10«fWS 
fltU»«Lfc- ggt&S&tt* *ifev*S:L"CMfcLfc. 
^5L-C»blx5W*«rW*N.o. 30 1, 2 11^ 

Sr»ffiLfc 0 K»©^«l^»haifflJhn (mm) £zIJ5e 
U #bttfctt*«r*7lc:*i- 0 

[0 0 8 4] 

[*7] 

KfiNo. 3 0 1 2 1 1 

RijtR»mm 1 8 

[0085] *7^5>«b^4J:5i^ m&.m^m^* 

fiTLTU5^ EDTASr^-t-kLt 



< c t J: 9 IS^ ^oKNttft'StM; fc 4 5 b X*h 
[0 0 8 6] ###J 5 *VCj|*ft Lfc#«S* 

fi3. 5mmt*fcot 
30 [0 0 8 7] 6 

2. 5 gfl>*5*S*S:5 5X:<DS. SMjIft^^Tk 
«»2 0mLtl:^CS«tLi()s Z<D&mm*±/l' 

a-xWmVrm^tiXs STC-CSHlBlfcJcilKftl-a 

[0 0 8 8] 2mL£>*Kl6. 8mg<^MAgNO 
3 t*jH**r0. 0 2mol/L^»S«^l 
40 ^L/c 0 r*tttt»H^ 16. 2mgO«8*y 

2mL(D*Ctet0. 0 8mol/L^ffii^y^ 

i:SrlmL«*J5a^L^«, :«^MW:0. 4 

:/n>f >7ki8ffi 1 OmL. 13mL^7K^D^T 
±fl£S£2 5mL<t Lfc, CfttC 1 N<OT>^^T7k£ 
}JD;LTpH£ll. 4dBlfiU 5t:(Cff:ofcft^J$lC 
12l$IB*fcBUfco wO*»»Sr-feyup-^KoSffBt 
ICA*U pHll. 4<DTV^~7*»jR-cat«r LfCo 
Ceo J: 0 \z LXX'Z StW**JK U a* i^R±lc 
50 2 Ottl S«^(tT*»*3g5g$^5- tict 



( 11 ) 
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^P^yl^B, AgFl, A g F 2 N A g F 
3tmmi-Z> 0 mfflZ.LX»<Dftt>9\£Cu* CoSJS 
*fc Lfc»7-fyo-f yHtrilttLfc. h^MM^J;5 

C u S F 1 &t>*C o S F 1 tt*ix«V WT^##0iJ 8 10 

^No, A g S F 1 CUSF 1 
&R&ft(ng) 34 48.3 

&3£*'j9£(nig) 252.8 252. 8 

fflitP?, mm 8 2 



20 



a g tyoftb (cc u ^ t y , Co-f*v* 

[0 0 8 9] 
[318] 



Co SF II 
29. 1 
252.8 
8.5 



CoSFlW 
29. 1 
152.8 
15 



[00 9 0] SS^bMM^JI^ *§:7^:7W> 

^^■v«>ji*tn*ici(5v^tt«stt*r*ur*5 0 (fits 

[0 0 9 1 ] 7 : UK Ltzffi7 J 7 

2mLc7)^{Cl 4. 5 g 058®^ (C u (NCh) 2 ■ 3 
H:0) »^«0. 0 6mol/L^ty* 

I 0 m L N 1 3mLC07K^:*nxr^a:^r 2 5mLi: L 



fc 0 rtUC 1 N(DT^^T7K^^Px.TpH$r 1 1. 4 

zm^xm-pHtDT^-TTkxmvrik. mxtgmt 
20 Ltzmy^y'^-o (cusf) <Dmwtem*mmL 

t#bti^m^*9^^-r 0 4*5, 10 
5h 6o»eii «7>fyp>f y^u^ 

% (v/v) <n*# j-frimmzxtis -tix-emo 

So 

[0 0 9 2] 
[*9] 



ttJSK <**/-Jk 10&) 

Ag SF 2 
Z r SF 

[0 0 9 3] (&) :15mm 
^-y — higjg : 5 0 Omm/m i n 

: 4 mm/m i n 
^-f — h7/V^^-/V : 5 0 0 g f 
myj-fuj *s<DWf : 20//m 

10^ILfc«7^yn^yllt 0. 6%3l£fa 

[0094] ###js : * s sx~mmtLfzmy 4 ? 

2mLC0;>KlC2 8. 9mg<7>Cu (NO3) 2 • 3H:0 
M^TO. 0 6mo l /L 



(kg/mm') frft (X) 

2. 0 0. 6 

4. 5 1. 2 

2. 8<110gf) 2. 1 

2. 1 (83gf) 1. 5 

Lfco rixittBUfc, 5 0 5. 6mgOffi»*y!?AS: 
2mL(7)*ttx.r2. 5mo l/L(05HK*y 

trlmLmS^Ut, 0. 4% 

40 S7^n>fy«10mL, UmL^MM-C 
4aiS:2 5mLiLfc, -tUC 1 NtOTV^-T**: 
MtpHfell. 4CIIU 5t:£«ofc#jK*U: 
1 2ii#IHft«Lfc 0 ^^SfSSr-fe/UD-^K^aWR 
(CAH> pHl 1. 4<DTV^~T**ire8WLfc 0 
ceo J: 0 tc LTT*# 5«»**«Sr# ]) xfuygll: 

2 ot:r*is«^»traK55*-&5wi:^<t « 

tgMi^7^/p^y ccusf) (omwrn* 

50 £^8 {Ctt^ 0 



( 

21 

[0 0 9 5] #%0tJ9 :®-<*>X^mkLtzm-7<<7 

33. 4mg(OF e SO* • 7 Hz O £ 2 m L <7)7klC*g#? 
LTO. 0 2mo l/L©5B»»xk8«*WKLfco * 
fc, 8 7 1. 4mgOK:SO < C, 2 m L<£>7k£AixT 
0. 0 8mo 1 /L<7>Kz S Oi tKSSEStIBK Lfc D 

0. 4%*S> r >f yn>fy*jgffil OmU 13mL<£>;fc 
Sr*Dx.r±jK4S:2 5mLt Lfc 0 :tii:iN(^)7^ 
=T**rlP*.TpH*l 1. 4icmMLtz 0 Z<D7kfe}& 
%±;\sn-xM<Offl}fM\ZAtl, pHll. 4CDT^e 

4> (FeSF) <DSW*R*B8!Lfcp 
[0 0 9 6] 0 : ^U3 = *AT^tMfcLfc*fi 

##«6^*5Jt55B»»^>f<:fcO«^ 2 2. OmgCOZ 



12) M2 000-2 04 1 8 2 
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rso4 &m^xm&<o%&xz r X-i§mkL1Zffi7 4 

^D>f VOaWftR*SI«Lfc. :^4«T, ZrSF 

[0 0 9 7] 0 : 3/</b h XtSmt Lfc^7 

##«6l^*5»t5ffii6«O«:t>0lC, 3 4. 9mg<DC 
o (NO.) 2 • 3H:OSrffl^tBi©*St-Co-Ci8 

WT, Co SF^rB&ISi-^o 
10 [0 0 9 8] *8fc*+i:fc?K 3/</UhT*gg{fc{fc£it 

»It5fc«)FT- I R*-<* h/l'MSSrtfofco FT 

- 1 r*-<* h/wSJ^r'a^r'#^Piil|xo^(cm" , ) 

[0 0 9 9] 
[*1 0] 



1 4 5 2(vw), 1429(m), 1 4 1 4 (w>. 1 3 8 4(w)> 
1 3 3 6 (w)> 1 2 9 8 (vw),.1 2 4 5(s). 117 1(m), 
1 0 5 6(w), i0 18(w), 74 8(ra), 6 6 9(3), S58(s> 



[0 10 0] (&) : 0 KlRX"** WKD3ft&& 

[0101] v w : #«lcSV* m : s : 

v s : *#H3*V^ 

##«6fcfe«t5ffl»«Oftt>0«C 3 4. 9mgON 30 
i (N0 3 ) 2 • 6H 2 0^1/^»*fttN i X*m# 

Tx N i SF£&&fel-5o 

[0102] #%#J 1 3 : ^T^{kL^iffl7^ 

##«»J6«Ci3{t5ffi»«<O«:^0fC % 3 5. 7mg<DZ 
n(N0 3 ): • 6H2 0^^tffiO*ttt'Znt«* 

[0 10 6] 

AgSFS AgSF3 CoSFl CuSFS FeSF 

tfiKng) 14 3.4 14.5 14.5 IS, 7 

miMins) 8. I 252.8 0 252. 8 435.7* 

53t£ + + - - + 
»*tt - + + + + 

[0107] a) &jmmm*« ^g^anoiit^cij: 

[0 10 8] * : SUI*!) *^tt«4B«* 50 



T\ ZnSF^P&fS-r^o 
[0 10 3] #%t»Jl 4 : vy^/yr«Lf:j|7^ 

tw>-r 

##«6K*J»tSfflmilOftbOK:, 3 4. 4mg(DM 
n(N0 3 ) 2 • 6 H: O^I^T^*ftt*Mn t« 

T> Mn SFirB&iEi-^o 
[0104] ###J 1 5 

(Dwmm&WL^nmmmtfcnm o xhotz 0 

[0 10 5] 



[in) 

CoSF2 ZflSP ZrSF NiSF IfaSP 

17.6 IT. 9 11.0 17.5 17.2 

252.8 2S2.8 43S. 7* 252. 8 252.3 

tV>v + + »* * 

- + + - + 

+ + + + + 

y *A£&i8 0 

[0109] mmm3 mmtmKth&mjxyoym 
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filCEDTAt** -C{k^«FttLfefc<OX 

EffiS-frfc. EDTA«**Xtf^>=viWcj:ai:* 
W*D*(7>»A^i, -tix^ix l 0 . 3%. 10. 5%-C 

[oiio] ft»*««T- p h 3 . 5 \c Ltiimm^ 
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*4r»«BUfc. »b4xfeje**PUhn^a:S (mm) X* 

$12 {d^-r 0 

[0 111] 
[$12] 



Ag 
. Ag 
Ag 
Ag 



1 Sfifl 

18 
8 
4 
5 



1 8 
7 
3 
4 



MR* 



1 0 
1 1 

6. 5 

6 

4 



1 3 
1 3 
6 
0 
1 2 



[0 1 1 5] mi 3frbWbfrte£oiC^ EDTAl* 

m-Qit^mm \*idmmx.c o << ^-v^Ett-rs t a g 

^*>*EffiLfc^J:9tSinitt*lal±'r5. *fc* 

[oii6] 7 : my^yvj ^k&m<<*> 

^y^pHl^MM (KiHIfcStfL 5 1*. l 

67-171 (199 4)) (C^$ttfc*fe-C*«)fco 

ft6*tfcte*lc*5V^T, W»Sixfc-OH©l:«:4Kl 

[0117] 8 : my j 7*4 v*»»*-eo 



30 



40 



EDTAl 0* 
EDTA 1 0% 



[0 112] Si 2*»bW6>^ftJ:5l^ EDTA?:! 

oi^iBicftoTfcfiMJSttoaEfbttftv^ *>^vire 
fell, «^*^T«flefkLfc»t»"ett»Y*>3fl s «tf 

[0 113] #%#J1 6 : EDTAMLt», ¥ 
^Ag, CoT'Eft 20 



E D T AjSTKtt-e^tftt Lfc feO|C*-f * V, 
ah^SrEffi^-frfc. EDTAI*»0»A* 
tt0%, 10%, 16%-CfcofCo rftfeOKSfco^ 

*SrlfiJtH<*>B:£ (mm) t$13l-Tt 0 
[0 1 14] 
[$13] 

Bg&acofl aaagflg 

1 9 *mx 

1 7 EDTAl SI 

1 9 EDTAl OX 

0 *iai 

1 EDTAl 831 

3. 6mM©4I>ftV (Cu, Co, Fe, Ni) t 

0. 3 lli%^«7^yp^y(Dl^7kM^pHS: 
7^-7*SiS-Cll. 4lCf^Lfc Q 4*5, Fe-f 

gjS* 1 m LO^fi^fiit/HCAtl, flrFx^ h 
^»J^K« (0&«{1^8L U-3 2 0 0) T*»*S* 
$j£L/":: 0 Sl^tOSMlj: 2 0 0 - 5 0 0 n m tfeo 

•rL<*ft*:!Ml0>ttft (nm) fc»teo»«BS:*i4 

[0 118] 
[«1 4] 



( 14 ) 



12000-204182 
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CuSF 
COSF 
F e S F 
N i S F 



5 2 6 
4 5 7 
3 5 0-360 
4 3 5 



[0 119] SI5^iRt:' , -^^d-dS^icS^< t> 
lC»^LTV^5rfcSrllSEUTV^o Sot, ^Jg><^ 

So 

[0 12 0] HS£0*J4 

^^l±$io^r^v ([+]-^r^y, C125 1X 
li[±]-iJT^y, C 1 7 8 8) 5mg^20ml(O7K 

JKWfflLfc. Ki£»7«7Kifev^Lr^^a-ea(^:*■a:fco 
[0121] *>zm&£^x^t£^*T*>& 

RtJt(ftWWI(E4iffS5mm(0|flJhR#, 

[0122] xr-^y&fohfrcftm&mzftmzitz 



4 3 
1 0 2 

2 2 
4 1 



7 0 
70 
7 0 
7 0 
7 0 
7 0 



[0123] 1 9 : ^IR(;¥^^MAA^7 

V\ lg5SH*l-#UrfiMAA»a[«r7 0%ow f x 1 
5 0 % o w f % 3^§(C*t ItliMAASg*: 1 0 0 % o 

w f x i5 0%owfra^ifc o hmxmt&m 

\Z\$, MAAGDftfllCl 2fi*%=a — 5 15 

-2H USS** W*ttlB (ft) »#>f*^#ffiffitt^ 

8%owf (m&mwmtMAAt(n<&ft 

&m^*f-fZ>mi£m^) Sr*0x.> IC)tt2ml/Lt 
ttlt^7 7hS(7)pH^3. l^WSELfco ^77 

fc. ^5 7MteEft*. ^S«SimXfl^^»iS!p 0 p 

7 7h^J0X^4 3% (MAAM7 0owf(Dl^) , 
1 0 2 % (MAA^S 1 5 0 o w f <DWf&) <7)*nXK» 
7 h*DX*2 2% (MAA 
iSlOOowf CO^) , 4 1 % (MA ASS 1 5 0 

owfoi^) <z>*ox«»*»l4Lfco -^>J:5^LT 
^LfcfH§M(/¥^5r7 0t(7)4. 7 611 %fi 

»|C1N«»*1. 1 3m l^JD^pHPg^fTofCo 8J 

[0 12 4] 
[*1 5] 



1 1 

1 7 

2 5 
4. 

1 1 
1 1 



[0125] si 5frbmz>i>>tz£ 5ic, ^sffi*-^* 



( 

27 

[0 12 6] 
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